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DESCRIPTION 

ORGANIC ELECTROLYTE CAPACITOR 

Technical Field 

The present invention relates to an organic electrolyte 
capacitor having a high energy density and a high power density. 

Related Art 

Recently, a rechargeable battery using a conductive 
polymer, a transition metal oxide, etc, as a positive electrode 
and lithium metal or lithium alloy as a negative electrode has 
been proposed as an alternative to a Ni-Cd battery and a 
lead-acid battery, due to its high energy density. 

These rechargeable batteries, however, suffer a 
significant reduction in capacity caused by deterioration in 
the positive electrode or the negative electrode when charged 
and discharged repetitively, and such a problem that needs to 
be solved before they are put into practical use. In 
particular, deterioration in the negative electrode is 
accompanied with the growth of needle-like lithium metal called 
dendrite, and the dendrite eventually penetrates through a 
separator while charging and discharging are repeated. This 
gives rise to a short circuit inside the battery, or triggers 
an explosion of the battery in some cases. The rechargeable 



batterie therefore also have a safety problem. 

To solve the problems discussed above, a battery using 
a carbon material, such as graphite, as a negative electrode 
and lithium-containing metal oxide, such as LiCo02, as a 
5 positive electrode has been proposed. This battery is a 
so-called rocking-chair battery in which, after the battery 
is fabricated, lithium ions are supplied to the negative 
electrode from the lithium-containing metal oxide forming the 
positive electrode by charging, and further, lithium ions are 

10 returned to the positive electrode from the negative electrode 
by discharging. It is called a lithium-ion rechargeable 
battery because no metal lithium is used in the negative 
electrode and lithium ions alone are involved in charging and 
discharging, and is therefore distinguished from a lithiiim 

15 battery that uses metallic lithium. This battery is 
characterized by having a high voltage and a high capacity. 

As the environmental problems are coming to the fore in 
recent years, active developments are under way for a clean 
energy storage system by photovoltaic power generation and 

20 wind power generation, a distributed power source aiming at 
achieving load-leveling of power, a power supply (main power 
supply and auxiliary power supply) for an electric vehicle or 
a hybrid electric vehicle as an alternative to a 
gasoline-powered vehicle. 

25 A lead-acid battery has been used as a power source for 
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electric equipment in the vehicle. However, today's vehicles 
are fully-equipped with power windows and IT-related devices, 
and there has been a need for a new power source having high 
energy density and output density for such equipment. 
5 As such an electrical storage device or a driving power 

source, the lithium-ion rechargeable battery as described 
above and an electric double layer capacitor are receiving 
attention. The lithium-ion battery has indeed a high energy 
density; however, it has problems in an output characteristic, 

10 safety, and a cycle life. 

On the other hand, an electric double layer capacitor 
is an electronic component that is used extensively as a memory 
backup power source for an IC and an LSI. Although a discharge 
capacity per charge is smaller than a battery, it has excellent 

15 instantaneous charge and discharge characteristics and 
endures several tens of thousands or more charge and discharge 
cycles. These high power and maintenance- free 
characteristics that are lacking in the lithium-ion battery 
and the nickel metal hydride battery. 

20 The electric double layer capacitor has advantages as 

above; however, an energy density of a typical electric double 
layer capacitor is about 3 to 4 Wh/1, which is about two orders 
of magnitude smaller than that of the lithi\im-ion battery. 
Hence, it has not reached practical levels to be used as a 

25 driving power source to which a high energy density is required. 
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for example, as the one used in the electric vehicle. For the 
electric double layer capacitor to be used in an electric 
vehicle, an energy density of 6 to 10 Wh/1 is said to be required 
for practical use and 20 Wh/1 for widespread use, 
5 Recently, an electrical storage device called a hybrid 

capacitor has receiving attention as an electrical storage 
device applicable in a case where a high energy density and 
a high output characteristic are required. 

Regarding the hybrid capacitor, an electric double layer 

10 capacitor is proposed, where a carbon material which is capable 
of absorbing and desorbing lithium ions and has preliminarily 
absorbed lithium ions either chemically or electrochemically 
is used as a negative electrode (for example, see JP-A-8-107048, 
page 2, second column, line 38 to page 2, second column, line 

15 47) . 

Another electric double layer capacitor having an upper 
limit voltage of 4 V is proposed, in which, as a the negative 
electrode, a carbon material which is capable of absorbing and 
desorbing lithium ions is supported on a porous current 

20 collector that will not produce alloy with lithium metal (for 
example, see JP-A-9-55342, page 7, eleventh column, line 24 
to page 7, eleventh column, line 28) . 

Further, another electric double layer capacitor is 
proposed, in which a polarizable electrode material containing 

25 activated carbon powder is combined in a mixed state with a 
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current collector made of stainless steel fibers and used as 
a positive electrode, and a carbon material which is capable 
of absorbing and desorbing lithium ions and has preliminarily 
absorbed lithium ions either chemically or electrochemically 
5 is combined with a current collector made of porous metal or 
fibrous metal and used as the negative electrode (for example, 
see JP-A-9-232190, page 4, sixth column, line 1 to page 4, sixth 
column, line 10) . 

Still another electric double layer capacitor is 

10 proposed, in which a positive electrode is a polarizable 
electrode made of a carbonaceous material having 
self-potential in a range from 0 . 5 V to 2 . 6 V against Li/Li + 
as the counter electrode, and a negative electrode is made of 
at least one material selected from metallic lithium, alloy 

15 containing lithium metal, and a material which is capable of 
absorbing and desorbing lithium ions r^versibly and has 
preliminarily absorbed lithium ions (for example, see 
JP-A~ll-297578, page 3, fourth column, line 8 to page 3, fourth 
column, line 16) • 

20 According to these proposals, the negative electrode 

potential is lowered to improve the withstand voltage of the 
cell by having lithium ions supported preliminarily on the 
negative electrode. However, as with a coin battery, all have 
a cell configuration in which a pair of positive electrode 

25 and negative electrode is facing one another, and all fail to 
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disclose a concrete example of a cylindrical battery having 
a wound electrode, or a large-scale cell, such as a prismatic 
battery, in which more than one electrode is laminated. 

Methods for having lithium ions absorbed preliminarily 
5 on a negative electrode in a large-scale cell are disclosed. 
However, each method has an issue to be addressed toward 
industrialization, that is, it takes long time to have lithium 
ions supported uniformly (for example, see JP-A-8-162159, page 
4, sixth column, line 10 to page 4, sixth column, line 45, 

10 JP-A-8-255633, page 4, fifth column, line 33 to page 5, seventh 
column, line 29, JP-A-10-144295, page 2, second column, line 
4 to page 2, second column, line 34, or JP-A-8-102333, page 
3, third coliimn, line 2 to page 3, third column, line 37) . 

Meanwhile, an organic electrolyte battery has been 

15 proposed, in which each of a positive electrode current 
collector and a negative electrode current collector is 
provided with pores penetrating from the front surface to the 
back surface and a negative electrode active material is 
capable of reversibly supporting lithium ions, so that lithium 

20 ions derived from the negative electrode are supported on the 
negative electrode by electrochemical contact with a lithium 
electrode disposed oppositely to the negative electrode or the 
positive electrode (for example, see Japanese Patent 
Application No. 10-531811 (1998), page 11, line 4 to page 12, 

25 lien 27) . 
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According to the invention disclosed therein, by 
providing the electrode current collector with pores 
penetrating from the front surface to the back surface, lithium 
ions are allowed to move through from the front surface to the 
5 back surface of the electrode without being blocked by the 
electrode current collector. Hence, even in an electrical 
storage device of the cell configuration having a number of 
laminated layers, it is possible to support lithium ions 
electrochemically not only on the negative electrode disposed 

10 near the lithium electrode but also on the negative electrode 
disposed apart from the lithium electrode. 

Various materials capable of reversibly supporting 
lithium ions are used as a negative electrode active material. 
For example, it has been known to use various carbon materials, 

15 including graphite, such as natural graphite and artificial 
graphite, coke, pitch, heat-hardening resin, and those using 
coconut shells or trees as a starting material, as well as a 
carbon fiber, a polyacenic material , tin oxide, silicon oxide, 
etc. An insoluble, infusible substrate, which is a 

20 heat-treated product of aromatic condensation polymer of 
having a polyacenic skeleton structure having an atomic ratio 
of hydrogen atoms/carbon atoms in a rang of 0.50 to 0.05, can 
be suitably used as the negative electrode active material (see, 
for example, JP-B-1-44212 , Claims 1 through 22, or JP-B-3-24024, 

25 claims 1 through 8) . 
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Disclosure of the Invention 

As has been described, the negative electrode made of 
a carbon material or the like which are capable of absorbing 
5 and desorbing lithium ions and which has supported lithium 
ions preliminarily has a lower potential than activated carbon 
used in the electric double layer capacitor. Hence, the 
withstand voltage of the cell is improved when combined with 
the positive electrode activated carbon, and an energy density 

10 becomes higher because the capacity of the negative electrode 
is far larger than that of the activated carbon. 

However, discharge at a high current density has been 
difficult due to problems as follows: an electrolyte solution 
containing lithium ions has low conductivity and absorption 

15 and desorption reactions of lithium ions in the negative 
electrode are slow. In particular, it is thought that 
deterioration of the discharge characteristics is attributed 
to the fact that an internal resistance becomes larger in the 
discharged state than in the charged state. 

20 An object of the invention is therefore to provide an 

organic electrolyte capacitor having a small change in internal 
resistance during charge and discharge as well as a high energy 
and a high output power. 

The inventors conducted assiduous studies to solve the 

25 problems discussed above, and achieved the invention when they 



discovered that let a (mAh) be a cell capacity when an organic 
electrolyte capacitor in a charged state is discharged to half 
of a charging voltage over 1±0.25 hours, and b (mAh) be a full 
negative electrode capacity that is a capacity when a negative 
5 electrode in the charged state is discharged to 1,5 V (Li/Li+) , 
then, by controlling a ratio of a positive electrode active 
material and a negative electrode active material to satisfy 
0.05 < a/b ^0.3, it is possible to achieve a high-performance 
organic electrolyte capacitor having a small internal 

10 resistance and a small change in internal resistance during 
charge and discharge as well as a high power density, in which 
lithium ions are allowed to move with ease. 

That is to say, the invention is as follows. 

(1) An organic electrolyte capacitor including a 

15 positive electrode, a negative electrode, and an electrolyte 
capable of transporting lithium ions, characterized in that: 
the positive electrode is able to support lithium ions and 
anions reversibly; the negative electrode is able to support 
the lithium ions reversibly; and let a (mAh) be a cell capacity 

20 when the organic electrolyte capacitor in a charged state is 
discharged to half of a charging voltage over 1 ± 0.25 hours, 
and b (mAh) be a full negative electrode capacity that is a 
capacity when the negative electrode in the charged state is 
discharged to 1.5 V (Li/Li+) , then a ratio of a positive 

25 electrode active material and a negative electrode active 
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material is controlled to satisfy 0.05 < a/b < 0.3. 

(2) The organic electrolyte capacitor according to (1) , 
wherein the lithium ions have been preliminarily supported on 
the negative electrode and/or the positive electrode. 
5 (3) The organic electrolyte capacitor according to (1) 

or (2) , wherein an capacitance per unit weight of the negative 
electrode active material is three times or more an capacitance 
per unit weight of the positive electrode active material, and 
a weight of the positive electrode active material is larger 

10 than a weight of the negative electrode active material. 

(4) The organic electrolyte capacitor according to any 
of (1) through (3), further including a positive electrode 
current collector and a negative electrode current collector, 
wherein each current collector is provided with pores 

15 penetrating from the front surface to the back surface , and 
the lithium ions are supported on the negative electrode and/or 
the positive electrode by an electrochemical contact with a 
lithium electrode facing the negative electrode and/or the 
positive electrode . 

20 The reason why ^'a ratio of a positive electrode active 

material and a negative electrode active material is controlled 
to satisfy 0.05 < a/b < 0.3" is because it is essentially 
necessary to set a negative electrode capacity (herein, 
equivalent to the cell capacity a) arbitrarily with respect 

25 to the lithium ion releasing ability of the negative electrode 
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(herein^ the full negative electrode capacity b) in order to 
control the output characteristic of the cell. 

In other words, the inventors discovered that a ratio 
of the cell capacity a as against the full negative electrode 
5 capacity b (a/b) is determined by a ratio of the positive 
electrode active material and the negative electrode active 
material, and a/b becomes larger as the ratio of the positive 
electrode active material increases, and a/b becomes smaller 
as the ratio of the positive electrode active material 

10 decreases. Further, the inventors found that the value of a/b 
gives influences to the output characteristic of the cell, and 
thereby discovered that a high output characteristic can be 
achieved in the range, 0.05 < a/b < 0.3. 

The reason why ^^a capacitance per unit weight of the 

15 negative electrode active material is three times or more a 
capacitance per unit weight of the positive electrode active 
material, and a weight of the positive electrode active 
material is larger than a weight of the negative electrode 
active material'' is because the energy density varies by 

20 changing the ratio of the weight of the positive electrode 
active material and the weight of the negative electrode active 
material even when the discharge capacity of the cell is 
constant. In other words, the energy density is increased by 
lowering the ratio of the weight of the negative electrode 

25 active material having a capacitance per unit weight, and 
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conversely, the energy density is reduced by increasing the 
proportion of the weight of the negative electrode active 
material. Effects of the Invention 

As has been described, the organic electrolyte capacitor 
5 of the invention includes a positive electrode, a negative 
electrode, and an electrolyte capable of transporting lithium 
ions. The positive electrode is able to support lithiiam ions 
and anions reversibly, and the negative electrode is able to 
support the lithium ions reversibly. Let a (mAh) be a cell 

10 capacity when the organic electrolyte capacitor in a charged 
state is discharged to half of a charging voltage over 1+0.25 
hours, and b (mAh) be a full negative electrode capacity that 
is a capacity when the negative electrode in the charged state 
is discharged to 1.5 V (Li/Li+) , then, by controlling a ratio 

15 of a positive electrode active material and a negative 
electrode active material to satisfy 0.05 ^ a/b < 0.3, it is 
possible to achieve an organic electrolyte capacitor having 
a high voltage and a high energy density and yet a high output 
power characteristic . 

20 Because internal resistance of the cell varies with the 

thickness of the electrode and so on, the absolute value of 
the output power characteristic varies. However, in the 
examples of this application, 50% or more of the cell capacity 
which is obtained when the cell is discharged at a current at 

25 which the discharge time is 1± 0.25 hours, can be retained when 
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the cell is discharged at a current as high as 100 times . Among 
others, a case where a capacitance per unit weight of the 
negative electrode active material is three times or more a 
capacitance per unit weight of the positive electrode active 
5 material, and a weight of the positive electrode active 
material is larger than a weight of the negative electrode 
active material as in Example 3 is particularly suitable, the 
energy density can be increased. 

The organic electrolyte capacitor of the invention 

10 having the characteristics as described above is quite 
effective as a driving storage power source or an auxiliary 
storage power source for an electric vehicle, a hybrid electric 
vehicle, and a fuel cell vehicle. It is also used suitably 
for a driving storage power source or an auxiliary storage power 

15 source for an electric bicycle, an electric scooter, and an 
electric wheelchair. Further, the capacitor can be used 
suitably as various energy storage devices, such as storage 
device of solar energy and a storage device for wind power 
generation. Alternatively, it can be suitably used as a 

20 storage power source for an uninterruptible power supply and 
household electric appliance. 

Brief Description of the Drawings 

FIG. 1 is a perspective view showing the internal 
25 structure of an organic electrolyte capacitor when laminate 
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films are used as an outer container, in which the internal 
structure of the organic electrolyte capacitor is indicated 
by a solid line and the outer container of the organic 
electrolyte capacitor is indicted by a dotted line. 
5 FIG. 2 is a plan view of FIG. 1. 

FIG. 3 is a cross section taken along the line I-I' of 
FIG. 2. 

FIG. 4 is a cross section taken along the line II-II' 
of FIG. 2. 

10 FIG. 5 is an enlarged plan view of an electrode current 

collector (positive electrode current collector la or negative 
electrode current collector 2a) on which electrode is formed, 
and FIG. 5 shows an example where expanded metal is used as 
the electrode current collector and portions encircled by a 

15 dotted line are through-pores. 

FIG. 6 is a cross section taken along the line I-I' of 
FIG. 5, and FIG. 6 shows that the through-pores in the expanded 
metal (positive electrode current collector la and negative 
electrode current collector 2a) are filled in with conductive 

20 materials lb and 2b and positive electrodes 1 and negative 
electrodes 2 are formed on conductive layers on the expanded 
metal in which the through-pores are filled in. 

FIG. 7 shows examples of the electrode current collector; 
FIG. 7 (a) shows an example of expanded metal having a porosity 

25 of 38%; FIG. 7(b) shows an example of a metal net having a 
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porosity of 37%; and FIG. 7(c) shows an example of punched metal 
having a porosity of 34%; although through-pores in the 
electrode current collector are of a circular shape in the 
example of FIG. 7(c), the shape of the through-pores is not 
5 limited to a circular shape, and various shapes, for example, 
a rectangular shape (porosity: 45%) as shown in FIG. 7(d), a 
cross shape (porosity: 35%) as shown in FIG. 7(e), etc. can 
be set arbitrarily. 

FIG. 8 is a cross section showing a first example of a 
10 layer configuration of a three-electrode laminated unit. 

FIG. 9 is a cross section showing a second example of 
the layer configuration of the three-electrode laminated unit. 

FIG. 10 is a cross section showing a third example of 
the layer configuration of the three-electrode laminated unit . 
15 FIG. 11 is a developed perspective view showing one 

example of an electrode laminated unit. 

FIG. 12 is a developed perspective view showing another 
example of the electrode laminated unit. 

Reference numerals labeled in the respective drawings 
20 will now be described. Numeral 1 denotes a positive electrode; 
alpha-numeral la denotes a positive electrode current 
collector; alpha-numeral Ic denotes a positive electrode 
terminal; numeral 2 denotes a negative electrode; 
alpha-numeral 2a denotes a negative electrode current 
25 collector; alpha-numeral 2c denotes a negative electrode 
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terminal; numeral 3 denotes a separator; numerals 4 and 5 denote 
laminated films; numeral 6 denotes an electrode laminated unit ; 
numeral 7 denotes a lithium electrode; alpha-numeral 7a denotes 
a lithium electrode current collector; numeral 8 denotes a 
5 three-electrode laminated unit; alpha-numerals 9a and 9b 
denote conducting wires A and B; capital C denotes a heat seal 
portion; a capital A' denotes a terminal connection portion; 
and a capital denotes a terminal welding portion. 

10 Best Mode for Carrying Out the Invention 

An organic electrolyte capacitor of the invention is an 
organic electrolyte capacitor including a positive electrode, 
a negative electrode, and an electrolyte capable of 
transporting lithium ions, characterized in that : the positive 

15 electrode is able to support lithium ions and anions 
reversibly; the negative electrode is able to support the 
lithium ions reversibly; and let a (mAh) be a cell capacity 
when the organic electrolyte capacitor in a charged state is 
discharged to half of a charging voltage over 1 ± 0.25 hours, 

20 and b (mAh) be a negative electrode capacity when the negative 
electrode in the charged state is discharged to 1.5V (Li/Li+) , 
then a ratio of a positive electrode active material and a 
negative electrode active material is controlled to satisfy 
0.05 ^ a/b < 0.30. 

25 In the invention, it is preferable that lithium ions have 
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been preliminarily supported on the negative electrode and/or 
the positive electrode . Also, positive and negative electrode 
current collectors are provided with pores penetrating from 
the front surface to the back surface , and a method for 
5 supporting lithium ions on the negative electrode and/or the 
positive electrode by an electrochemical contact with a lithium 
electrode disposed oppositely to the negative electrode and/or 
the positive electrode is most appropriate from the industrial 
view point. 

10 The internal structure of the organic electrolyte 

capacitor of the invention will be described first. FIG. 1 
is a perspective view showing the internal structure of the 
organic electrolyte capacitor of the invention as an example 
when laminated films are used as an outer container. Referring 

15 to FIG. 1, the internal structure of the organic electrolyte 
capacitor is indicated by a solid line, and the outer container 
of the organic electrolyte capacitor is indicated by a dotted 
line . FIG. 2 is a plan view of FIG. 1 . FIG. 3 is a cross section 
taken along the line I-I' of FIG. 2, and FIG. 4 is a cross section 

20 taken along the line II-II' of FIG. 2. 

The organic electrolyte capacitor of the invention shown 
in FIG. 1 is formed by providing a three-electrode laminated 
unit comprising a lamination of positive electrodes 1, negative 
electrodes 2, and a lithium electrode 7 inside the laminated 

25 films, and sealing two laminate films 4 and 5 by means of heat 
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seal or the like after the interior is filled with an 
electrolyte solution capable of transporting lithium ions . In 
the invention, ''positive electrode" means an electrode on the 
side from which a current flows out during discharging and into 
which a current flows during charging, and ''negative electrode"' 
means an electrode on the side into which a current flows during 
discharging and from which a current flows out during charging. 

As is shown in Fig. 1, the positive electrode 1 formed 
on a positive electrode current collector la and the negative 
electrode 2 formed on a negative electrode current collector 
2a are laminated via a separator 3 so that they will not come 
into direct contact with each other. An electrode laminated 
unit 6 is thus formed. The lithium electrode 7 formed by 
laminating lithium metal to one surface of a lithium electrode 
current collector 7a by means of pressure bonding is provided 
on the top of the electrode laminated unit 6 via the separator 
3. A three-electrode laminated unit is thus formed. 

As an example of the invention, each of the electrode 
current collector (positive electrode current collectors la 
and negative electrode collectors 2a) and the lithium electrode 
current collector 7a are provided with pores penetrating 
through from the front surface to the back surface (not shown 
in FIG. 1) . Even when these through-pores are filled inwith 
a conductive material, lithium ions are allowed to move freely 
from electrode to electrode by passing through the 
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through-pores portions which filled inwith the conductive 
material . 

FIG. 5 is an enlarged plan view of the electrode collector 
(positive electrode current collector la or negative electrode 
5 current collector 2a) on which the electrode is formed. FIG. 
5 shows an example where expanded metal is used as the electrode 
current collector, and portions encircled by a dotted line are 
the through-holes. FIG. 6 shows a cross section taken along 
the line I-I' of FIG. 5. As is shown in FIG. 6, the 

10 through-pores in the expanded metal (positive electrode 
current collectors la and negative electrode current 
collectors 2a) are filled in with conductive materials lb and 
2b. The positive electrode 1 and the negative electrode 2 are 
formed on the conductive layers on the expanded metal in which 

15 the through-pores are filled in. 

When the battery is fabricated, all the negative 
electrodes 2 are brought into contact with the lithium 
electrode 7 electrochemically upon the electrolyte solution 
is injected. Lithium ions dissolved into the electrolyte 

20 solution from the lithium electrode 7 are then supported on 
all the negative electrodes 2 smoothly through the 
through-pores in the lithium electrode current collector 7a, 
the positive electrode current collectors la, and the negative 
electrode current collectors 2a. 

25 Referring to FIG. 3, the electrode laminated unit 6 has 
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four layers of positive electrodes 1 and four layers of negative 
electrodes 2; however, the structure of the electrode laminated 
unit is not particularly limited, and the numbers of the 
positive electrodes and the negative electrodes are not 
5 particularly limited as long as at least one layer of the 
positive electrode and one layer of the negative electrode are 
provided. 

The lithium electrode 7 is disposed on the top of the 
electrode laminated unit 6 to form the three-electrode 

10 laminated unit 8 . However, the location, the number of layers, 
and the shape of the lithium electrode 7 are not limited to 
the configuration as above. It should be noted, however, that 
it is preferable to dispose the lithium electrode 7 oppositely 
to the negative electrode or the positive electrode for lithium 

15 to be deposited smoothly. For example, the lithium electrode 
7 may be laminated directly onto the negative electrode 2 . When 
the lithium electrode 7 is laminated directly onto the negative 
electrode 2, lithium ions are directly supported on the 
adjacent negative electrode, and lithium ions are supported 

20 on the negative electrodes other than the adjacent one after 
they pass through at least one layer of the electrode current 
collector . 

The lithium electrode 7 is provided to supply lithium 
ions to the negative electrodes 2 with lithium ions. Hence, 
25 a quantity enough to obtain as target negative electrode 
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capacitance is sufficient. Also, an effect can be obtained 
by supplying lithium ions to the positive electrode instead 
of the negative electrode, or to both the positive electrode 
and the negative electrode. However, it is preferable to 
5 adjust an adequate quantity by taking the lithium ion absorbing 
abilities of the positive electrode and the negative electrode, 
safety, etc. into account. 

The lithium electrode 7 is gradually reduces as it 
releases lithium ions. Hence, it is preferable to use a 

10 conductive porous body, such as a stainless steel mesh, as the 
lithium electrode current collector 7a, so that the lithium 
electrode 7 is disposed by filling at least part of the lithium 
electrode 7 in a pore portion of the lithium electrode current 
collector. When configured in this manner, even when lithium 

15 ions from the lithium electrode 7 are deposited on the electrode, 
a gap to be produced between the electrodes due to the loss 
of the lithium electrode can be smaller, and lithium ions are 
supported smoothly on the electrode active material. 

In the organic electrolyte capacitor of the invention 

20 shown in FIG. 1, the separators 3 are provided between the 
respective electrodes so that the positive electrodes 1, the 
negative electrodes 2, and the lithium electrode 7 will not 
come into direct contact. The interior of the cell is filled 
with the electrolyte capable of transporting lithium ions, and 

25 the separators 3 that partition the respective electrodes are 
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impregnated with the electrolyte. The electrolyte is normally 
dissolved in a solvent and used in the form of liquid and 
impregnated in the separators 3 . In a case where the separators 
3 are not used, the electrolyte may be used in the form of gel 
or solid to prevent the positive electrodes 1 and the negative 
electrodes 2 from coming into direct contact and to prevent 
leakage of the electrolyte. 

As is shown in FIG, 2, each positive electrode current 
collector la has an extended portion that serves as a terminal 
connection portion A' , and terminal welding portions A' (two) 
of each positive electrode current collector la are welded to 
a positive electrode terminal Ic. Also, each negative 
electrode current collector 2a and the lithium electrode 
current collector 7a have an extended portion that serves as 
a terminal connection portion . Terminal welding portions 
B' (three) of each negative electrode current collector 2a and 
a terminal welding portion B' (one) of the lithium electrode 
current collector 7a are bundled together in a group and welded 
to a negative electrode terminal 2c. 

The laminated films 4 and 5 are sealed while the positive 
electrode terminal Ic and the negative electrode terminal 2c 
are pinched in between* The positive electrode terminal Ic 
and the negative electrode terminal 2c are heat sealed to the 
laminated films 4 and 5 at heat seal portions A and B, 
respectively, shown in FIG. 2, In other words, in the case 
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of FIG. 2, the organic electrolyte capacitor is sealed at the 
heat seal portions A and B of the laminated films 4 and 5 and 
the respective terminals and at the heat seal portions C of 
the laminated films 4 and 5. The positive electrode terminal 
5 Ic and the negative electrode terminal 2c thus protrude to the 
outside of the battery from a space between the laminated films 
4 and 5. Hence, the positive electrodes 1 are in a connectable 
state to an external circuit via the positive electrode 
terminal Ic and the negative electrodes 2 and the lithium 

10 electrode 7 are in a connectable state to an external circuit 
via the negative electrode terminal 2c. 

The shape and the size of the positive electrode terminal 
Ic and the negative electrode terminal 2c are not particularly 
limited. However, because resistance of the terminals can be 

15 smaller, they are preferably as thick as and as wide as possible 
to the extent that satisfactory airtightness can be achieved 
in a limited cell volume. It is preferable to choose the shape 
and the size of the respective terminals to suit the desired 
characteristics of the cell. 

20 Hereinafter, the organic electrolyte capacitor of the 

invention will be described in detail regarding (A) positive 
electrode current collector and negative electrode current 
collector, (B) conductive material, (C) negative electrode, 
(D) positive electrode, (E) lithium electrode, (F) electrolyte, 

25 (G) outer container, (H) principle of organic electrolyte 
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capacitor, and (I) manufacturing method of organic electrolyte 
capacitor, in this order. 

(A) Positive Electrode Current Collector and Negative 
5 Electrode Current Collector 

Various materials generally proposed for use in an 
organic electrolyte battery can be used as the positive 
electrode current collector and the negative electrode current 
collector. As the positive electrode current collector, 

10 aluminum, stainless steel, etc. can be used suitably, and as 
the negative electrode current collector, stainless steel, 
copper, nickel, etc. can be used suitably. Materials of 
various shapes, such as foil-shaped and net-shaped materials, 
can be used. In particular, in order to have lithium ions 

15 supported preliminarily on the negative electrode and/or the 
positive electrode, those provided with pores penetrating 
through from the front surface to the back surface are preferred, 
and examples include expanded metal, punched metal, a metal 
net, a foam, a porous foil provided with through-holes by means 

20 of etching, etc. It is preferable to form a conductive layer 
on the current collector, because the internal resistance can 
be reduced. 

More preferably, by filling in at least part of the 
through-pores in the electrode current collector with a 
25 conductive material that does not readily detach before the 
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electrode is formed, not only is it possible to enhance the 
productivity of the electrodes, but it is also possible to solve 
the problem that the reliability of the capacitor is 
deteriorated due to the detachment of the electrodes. Further, 
5 a high energy density and a high output power density can be 
achieved by making the electrode including the current 
collector thinner . 

Regarding the thickness of the electrode current 
collector, the positive electrode and the negative electrode 

10 can be of the same thickness. However, when the materials are 
different, the effect of reducing the weight per cell volume 
is large by making whichever electrode that has the greater 
specific gravity thinner. In the invention, when aluminum is 
used as the positive electrode current collector and copper 

15 is used as the negative electrode current collector, it is more 
preferable to make the negative electrode current collector 
thinner than the positive electrode current collector. 

The shape and number of the through-pores in the 
electrode current collector can be set as needed, so that 

20 lithium ions in the electrolyte solution described below are 
allowed to move through from the front surface to the back c 
surface of the electrode without being blocked by the electrode 
current collector and the through-pores are readily filled in 
with the conductive material. 

25 The porosity of the electrode current collector can be 
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defined as a ratio, {1 - (weight of collector/absolute specific 
gravity of collector) / (apparent volume of collector)} on a 
percentage basis. The porosity of the electrode collector 
used in the invention is normally 10 to 79%, preferably 20 to 
5 60%, more preferably 30 to 50%, and most preferably 35 to 45%. 

When the porosity of the electrode current collector is 
high, the time needed to support lithium ions on the negative 
electrode can be shorter and irregularities hardly result in 
supported lithium ions. However, the strength of the current 

10 collector is deteriorated and wrinkles and breaking readily 
occur. Also, it becomes difficult to hold the conductive 
material on the through-pores, which raises problems that the 
electrode manufacturing yield is reduced due to the detachment 
of the conductive material and the breaking in the electrodes, 

15 etc. 

On the other hand, when the porosity is low, the time 
needed to support lithium ions on the negative electrode is 
extended, which raises problems, for example, the production 
efficiency is deteriorated, irregularities of the cell 

20 characteristic are increased, etc. However, the strength of 
the current collector is increased and the active material will 
hardly detach, which can in turn improve the electrode yield. 
It is thus preferable to choose the porosity and the pore 
diameter of the electrode current collector within the range 

25 specified above by taking the structure (laminated type or 
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winding type) of the battery and the productivity into account. 

FIG. 7 shows examples of the electrode current collector. 
FIG. 7(a) shows an example of expanded metal having a porosity 
of 38%. FIG. 7(b) shows an example of a metal net having a 
5 porosity of 37%. FIG. 7(c) shows an example of punched metal 
having a porosity of 34%. The example in FIG. 7(c) shows an 
example where the through-pores in the electrode current 
collector are of a circular shape; however, the shape of the 
through-pores is not limited to a circular shape. The shape 
10 can be set arbitrarily, and it can be, for example, of a 
rectangular shape (porosity: 45%) as is shown in FIG. 7(d), 
of a cross shape (porosity: 35%) as is shown in FIG 7(e), etc. 

(B) Conductive Material 

15 Conductive materials coated on the surface of the 

electrode current collector described above can be any material 
that hardly detach from the through-pores and allows lithium 
ions to move by penetrating through the conductive material 
even when the through-pores are filled in, and other properties 

20 are not particularly limited. 

Such conductive materials are chiefly made of a 
conductive member and binder resin. The kinds, composition, 
etc. of the conductive member and the binder resin can be set 
as needed. 

25 Examples of the conductive member used for such 
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conductive materials include, for example, various carbon 
materials including graphite, such as natural graphite or 
artificial graphite, and those based on coke, pitch, resin, 
and plants, all of which can be used as the negative electrode 
active material described below, as well as carbon blacks, such 
as acetylene black and ketjen black, a polyacenic material, 
tin oxide, silicon oxide, etc. Also, metal powder of metal 
nickel or the like can be used. Of these, particularly 
preferable conductive members are graphite, acetylene black, 
ketjen black, etc. 

The binder resin used as the conductive material can be 
any resin that is insoluble in the organic electrolyte solution 
described below. For example, aqueous resin using water as 
a dispersion medium or a solvent, non-aqueous resin using an 
organic solvent, such as alcohol and N-methylpyrrolidone, as 
a dispersion medium or a solvent, can be used. For example, 
rubber binder resin, such as SBR, and carboxymethyl cellulose 
resin are aqueous resin, and phenol resin and melamine resin 
can be used as either aqueous resin or non-aqueous resin 
depending on the compositions. 

Also, acrylic resin, polyamide resin, and polyethylene 
resin in the emulsion form can be used as aqueous resin. 
Meanwhile, fluoride-containing resin, such as 

polytetraf luoroethylene and poly ( vinylidene fluoride) , 
polyimide resin, polyamide-imide copolymer resin are 
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representative examples of the non-aqueous resin. Of these, 
it is particularly preferable to use non-aqueous 
polyamideimide resin, because the conductive material closely 
adheres to the electrode current collector and therefore hardly 
5 detaches from the through-pores. Also, by forming an 
electrode layer using an aqueous binder described below on the 
conductive layer with the non-aqueous binder, it is possible 
to obtain the electrode having satisfactory coating property 
and bonding property of the electrode layer as well as excellent 
10 homogeneity and reliability. 

(C) Negative Electrode 

In the organic electrolyte capacitor of the invention, 
the negative electrode contains a negative electrode active 
15 material capable of reversibly supporting lithium ions. The 
negative electrode active material layer in the invention is 
molded by adding the conductive member, the binder resin, etc. 
to the negative electrode active material as needed. 

The negative electrode active material used in the 
20 invention is not particularly limited as long as it is able 
to support lithium ions reversibly. For example, various 
carbon materials including graphite, such as natural graphite 
and artificial graphite, coke, pitch, heat-curable resin, and 
those using coconut shells, trees, etc. as a staring material, 
25 as well as a carbon fiber, a polyacenic material, thin oxide. 
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silicon oxide^ etc. can be used. 

Because lithium ion has a small ion diameter, it is 
particularly preferable as the negative electrode active 
material that the materials described above are processed such 
5 as carbonization and treatment under particular conditions to 
controll the structure in order to transport lithium ions 
efficiently. 

Among others, a polyacenic organic semiconductor (PAS) 
is particularly suitable as the negative electrode active 

10 material, because it undergoes no structural change, such as 
swelling and contraction, in response to intercalation and 
desorption of lithium ions due to its amorphous structure, and 
therefore has an excellent cycle characteristic. Also, 
because it has an isotropic molecular structure (high-order 

15 structure) in response to insertion and desorption of lithium 
ions, it has an excellent characteristic for quick charge and 
quick discharge. In the invention, it is preferable to use 
an insoluble, infusible substrate which is a heat-treated 
product of aromatic condensation polymer carrying the 

20 polyacenic skeleton structure with an atomic ratio of hydrogen 
atoms/carbon atoms of 0.50 to 0.05,. 

The aromatic condensation polymer referred to herein 
means a condensation product of an aromatic hydrocarbon 
compound and aldehydes . As the aromatic hydrocarbon compound, 

25 for example, so-called phenols, such as phenol, cresol, and 
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xylenol, can be used suitably. 

Also, as the aromatic condensation polymer, aromatic 
condensation polymer, in which part of the aromatic hydrocarbon 
compound having the phenolic hydroxyl group as described above 
5 is substituted by an aromatic hydrocarbon compound having no 
phenolic hydroxyl group, for example, xylene, toluene, and 
aniline, to be more specif ic, a condensation product of phenol, 
xylene, and formaldehyde can be used. Further, aromatic 
polymer substituted by melamine and urea can be used, and f uran 

10 resin can be also used suitably. 

As the aldehydes described above, aldehyde, such as 
formaldehyde, acetaldehyde, and furfural, can be used. Of 
these, formaldehyde is most suitable. The phenol formaldehyde 
condensation product may be either a novolac type or a resole 

15 type, or a mixture thereof. 

The insoluble, infusible substrate can be obtained by 
subjecting the aromatic polymer to heat treatment, and an 
insoluble, infusible substrate of the polyacenic skeleton 
structure as described above can be used. 

20 Regarding the insoluble, infusible substrate used in the 

invention, the position of the main peak is indicated by 20 
and it is present at 24° or below according to the X ray 
diffraction (CuKa) , and another broad peak is present at a 
position between 41 and 4 6° in addition to the main peak. In 

25 other words, it is suggested that the insoluble, infusible 
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substrate has the polyacenic skeleton structure in which the 
aromatic polycyclic structure is developed appropriately and 
indicates that it forms the amorphous structure, which enables 
lithium ions to be doped in a stable manner. The insoluble, 
5 infusible substrate is therefore useful as the active material 
for the organic electrolyte capacitor of the invention. 

Conductive members, including carbon-based materials, 
such as acetylene black, ketjen black, and graphite, and metal 
powder, can be added to the negative electrode active material 

10 as needed. 

It is preferable that the negative electrode active 
material layer of the invention contains the negative electrode 
active material, such as the carbon materials as described 
above and PAS, and is molded using the negative electrode active 

15 material of a shape that can be easily molded, for example, 
in the form of powder, grains, or short fibers, with the binder 
resin- The binder resin can be any binder that is insoluble 
in the organic electrolyte solution described below. For 
example, aqueous resin using water as a dispersion medium or 

20 a solvent, non-aqueous resin using an organic solvent, such 
as alcohol and N-methylpyrrolidone, as a dispersion medium or 
a solvent, can be used. For example, rubber binder resin, such 
as SBR, and carboxymethyl cellulose resin are aqueous resin, 
and phenol resin and melamine resin can be used as either 

25 aqueous resin or non-aqueous resin depending on the 
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compositions • 

Also, acrylic resin, polyamide resin, and polyethylene 
resin in the emulsion form can be used as aqueous resin. 
Meanwhile, fluoride-containing resin, such as 

5 polytetraf luoroethylene and poly (vinylidene fluoride), 
polyimide resin, and polyamide-imide copolymer resin are 
representative examples of the non-aqueous resin. 

Of these, it is particularly preferable to use fluoride 
resin, aqueous SBR resin, acrylic resin, and non-aqueous 
10 fluoride resin. 

The thickness of the negative electrode active material 
layer is designed to keep balance with the thickness of the 
positive electrode active material layer to ensure the energy 
density of the cell* By making the negative electrode active 
15 material layer thinner, the active material can be used more 
effectively, which can in turn enhance the power density. On 
the other hand, it is not preferable to make the active material 
layer too thin, because the energy density of the cell is 
deteriorated. Hence, by taking the industrial productivity 
20 into account, the thickness of the negative electrode active 
material layer of the invention is normally 15 to 100 jim and 
preferably 20 to 80 fom on one side. 

A mixing ratio of the binder resin is 1 to 20%, more 
preferably 2 to 10%, and most preferably 2 to 5% on the basis 
25 of the weight of the active material. 
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(D) Positive Electrode 

In the organic electrolyte capacitor of the invention, 
the positive electrode contains a positive electrode active 
material capable of reversibly supporting lithium ions and/or 
anions, for example, tetraf luoroborate • 

The positive electrode active material is not 
particularly limited as long as it is a material capable of 
reversibly supporting lithium ions and/or anions. For example, 
various activated carbons using coke, pitch, resin, coconut 
shell, and plants such as sawdust, as the starting material 
and activated with water vapor, carbon dioxide, or potassium 
hydroxide, conductive polymer, a polyacenic material, 
mesopore carbon in which mesopores having the pore diameter 
of 2.0 to 50 nm are noticeably developed, etc., can be used. 

The positive electrode active material layer of the 
invention is molded by adding the conductive member, the binder 
resin, etc. to the positive electrode active material as needed. 
The kinds, compositions, etc. of the conductive member and the 
binder resin can be set as needed. 

As the conductive member, for example, carbon blacks, 
such as activated carbon, acetylene black, and ketjen black, 
carbon-based materials, such as graphite, can be used suitably . 
A mixing ratio of the conductive members differs with the 
electric conductivity of the active materials, the shape of 
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the electrode, etc; however, it is preferable to add the 
conductive member at a ratio of 2 to 4 0% with respect to the 
active material. 

The binder resin can be any binder that is insoluble in 
5 the organic electrolyte solution described below. For example, 
aqueous resin using water as a dispersion medium or a solvent, 
non-aqueous resin using an organic solvent, such as alcohol 
and N-methylpyrrolidone, as a dispersion medium or a solvent, 
can be used* For example, rubber binder resin, such as SBR, 

10 and carboxymethyl cellulose resin are aqueous resin, and phenol 
resin and melamine resin can be used as either aqueous resin 
or non-aqueous resin depending on the compositions. 

Also, acrylic resin, polyamide resin, and polyethylene 
resin in the emulsion form can be used as aqueous resin. 

15 Meanwhile, fluoride-containing resin, such as 

polytetraf luoroethylene and poly ( vinylidene fluoride) , 
polyimide resin, and polyamide-imide copolymer resin are 
representative examples of the non-aqueous resin. 

Of these, it is particularly preferable to use fluoride 

20 resin, aqueous SBR resin, acrylic resin, and non-aqueous 
fluoride resin. 

Amixing ratio of the binder resin is 1 to 20%, preferably 
2 to 10%, and most preferably 2 to 5% on the basis of the weight 
of the active material. 

25 In the invention, the thickness of the positive electrode 



35 



layer is normally 30 to 150 and preferably 60 to 100 ^iti on 
one side. 

The thickness of the positive electrode active material 
layer is designed to keep balance with the thickness of the 
5 negative electrode active material layer to ensure the energy 
density of the cell. By making the positive electrode active 
material layer thinner, the active material can be used more 
effectively, which can in turn enhance the output density. On 
the other hand, it is not preferable to make the active material 
10 layer too thin, because the energy density of the cell is 
deteriorated. Hence, by taking the industrial productivity 
into account, the thickness of the positive electrode active 
material layer as specified above can be suitably used in the 
invention. 

15 

(E) Lithium Electrode 

In one example of the organic electrolyte capacitor of 
the invention, the lithium electrode 7 is disposed 
preliminarily inside the organic electrolyte capacitor as the 
20 supply source of lithium ions. As the lithium electrode, 
lithium metal or a material containing at least lithium metal 
and capable of supplying lithium ions, such as lithium-aluminum 
alloy, is used. 

A quantity enough to obtain a certain negative electrode 
25 capacitance is sufficient as a quantity of the lithium 
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electrode (weight of a material capable of supplying lithium 
ions, such as lithium metal) disposed inside the organic 
electrolyte capacitor. When more than a sufficient quantity 
is disposed, after a certain quantity is supported on the 
5 electrode from the lithium electrode 1 , the lithium electrode 
7 may be left inside the organic electrolyte capacitor (the 
definition of the capacitance will be given below) . It should 
be noted, however, that it is preferable to dispose only the 
necessary quantity and support a whole quantity on the negative 

10 electrode and/or the positive electrode in the view of safety . 

In the invention, it is preferable to form the lithium 
electrode on the lithium electrode current collector made of 
a conductive porous body. However, the lithium electrode 
current collector may be omitted. It is preferable to use a 

15 metal porous body that does not react with the lithium electrode, 
such as a stainless steel mesh, as the conductive porous body 
that serves as the lithiiam electrode current collector. 

When the conductive porous body, such as a stainless 
steel mesh, is used as the lithium electrode current collector, 

20 it is preferable that at least part of the lithium electrode 
is filled in the pore portion of the lithium electrode current 
collector. More preferably, the lithium electrode is disposed 
so that 80% or more of the lithium electrode is filled in the 
pore portion of the conductive porous body. When configured 

25 in this manner, even after lithium ions are deposited on the 
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negative electrode, a gap to be produced between the electrodes 
due to the loss of the lithium electrode can be smaller. It 
is thus possible to maintain the reliability of the organic 
electrolyte capacitor in a more reliable manner. 
5 It is preferable to dispose the lithium electrode current 

collector, on which the lithium electrode is formed, oppositely 
to the negative electrode or the positive electrode. For 
example, referring to FIG. 8, the lithium electrode 7 made by 
pressure bonding lithiiommetal to the lithium electrode current 

10 collector 7a is disposed at the bottom of the electrode 
laminated unit 6 in which the positive electrodes 1, the 
separators 3, and the negative electrodes 2 are sequentially 
laminated to form the three-electrode laminated unit 8. FIG. 
9 shows another layer configuration of the three-electrode 

15 lamination unit 8 . Referring to FIG. 9, the lithium electrodes 
7, each being made by pressure bonding lithium metal to the 
lithium electrode current collector 7a, are disposed at the 
top and bottom of the electrode laminated unit 6 to form the 
three-electrode laminatied unit 8 . In a further example shown 

20 in FIG. 10, the lithium electrodes 7 are disposed between the 
two electrode laminated units 6 to form the three-electrode 
lamination unit 8. By disposing the lithium electrode (s) 7 
in these manners, lithium ions can be supported smoothly on 
the negative electrodes. 

25 The lithium electrode current collector, on which the 
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lithium electrode is formed, may be disposed in the cross 
sectional direction of the electrode laminated unit, so that 
lithium ions are supported on the negative electrode active 
material and/or the positive electrode active material by short 
5 circuiting the negative electrode terminal and/or the positive 
electrode terminal with the lithium electrode terminal. In 
this case, however, as the negative electrode and/or the 
positive electrode are too wide, more significant 
irregularities in deposition may possibly result within the 

10 electrodes. It is thus necessary to choose the position of 
the lithium electrode to be disposed by taking the cell 
configuration, the size of the electrodes, etc. into account. 

In the organic electrolyte capacitor of the invention, 
by disposing the lithium electrode to be supported on the 

15 negative electrode and/or the positive electrode locally at 
a specific position, not only is it possible to enhance the 
degree of freedom in the cell design and productivity, but it 
is also possible to provide excellent charging and discharging 
characteristics . 

20 

(F) Electrolyte 

As an electrolyte used in the organic electrolyte 
capacitor of the invention, an electrolyte capable of 
transporting lithium ions is used. Such an electrolyte is 
25 normally in the form of liquid and impregnated in the separators . 
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As the separators, a porous body or the like having no electron 
conduction, provided with communicating pores, and having 
permanence against an electrolyte solution, the electrode 
active material, or the like, can be used. Also, an electrolyte 
5 in the form of gel or solid may be used. In this case, the 
separators maybe omitted, and there is an effect of preventing 
leakage . 

As an electrolyte capable of transporting lithium ions, 
for example, lithium salts, such as LiC104, LiAsFe, LiBF4, LiPFs, 

10 and Li (C2F5SO2) 2N, can be used suitably from the view point that 
no electrolysis takes places even when a high voltage is applied 
and lithium ions can remain in a stable manner. In such a case, 
it is preferable to use an aprotic organic solvent as a solvent 
in which lithium salts are to be dissolved. 

15 Examples of the aprotic organic solvent include, 

ethylene carbonate, propylene carbonate, dimethyl carbonate, 
diethyl carbonate, y-butyrolactone, acetonitrile, 
dime thoxy-e thane, tetrahydrof uran, dioxolane, methylene 
chloride, sulfolane, etc. Further, a mixed solution made by 

20 mixing two or more kinds of these aprotic organic solvents can 
be used. 

The electrolyte and the solvent are mixed in a 
satisfactory dehydrated state to form an electrolyte. It is 
preferable that the concentration of the electrolyte in the 
25 electrolyte solution is at least 0.1 mol/1 or higher to reduce 
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the internal resistance caused by the electrolyte solution, 
and it is particularly preferable to set the concentration to 
fall within the range of 0.5 to 1.5 mol/1. 



5 (G) Outer Container 

Materials of the outer container of the organic 
electrolyte capacitor of the invention are not particularly 
limited. Various materials normally used for a battery or a 
capacitor can be used. A metal material, such as iron and 

10 aluminum, plastic materials, or composite materials made by 
laminating the foregoing materials, can be used. The shape 
of the outer container is not particularly limited, either. 
A shape, such as a cylindrical shape and a prismatic shape, 
can be chosen to suit the use. In terms of a reduction in size 

15 and weight of the organic electrolyte capacitor, it is 
preferable to use an outer container of a film type using a 
laminated film made of aluminum and polymeric materials, such 
as nylon and polypropylene. 

As has been described, the film battery uses a 

20 triple-layer laminated film in which a nylon film is bonded 
to the outer side of an aluminum foil and a layer of denatured 
polypropylene or the like is bonded to the inner side, as an 
exterior material. The laminated film is normally deep-drawn 
to a specific size. After a unit made by laminating or winding 

25 the positive electrodes, the negative electrodes, and the 
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separators is placed inside and the interior is filled with 
an electrolyte solution, the laminated films are sealed by 
means of heat seal. An electrical storage device is thus 
obtained. In this instance, it is possible to pull out the 
5 positive electrode terminal (for example, an aluminum foil 
having a thickness of about 100 pm) and the negative electrode 
terminal (for example, a nickel foil having a thickness of 100 

^im) to the outside of the cell from a space between the laminated 
films . 

10 In other words, the laminated films are sealed by a method 

as simple as heat sealing the laminated films while pinching 
the positive electrode terminal and the negative electrode 
terminal in between. It should be noted, however, that it is 
preferable to devise a technique for achieving a satisfactory 

15 sealed state by using thin metal foils as described above as 
the terminals or laminating a sealant film preliminarily on 
the surfaces of the terminals. 

Referring to FIG. 1, the laminated films 4 and 5 are used 
as the outer container, and the laminated film 5 is deep-drawn 

20 by a quantity comparable to the thickness of the 
three-electrode laminated unit; however, either of the 
laminated films 4 and 5 or both of them may be deep-drawn. 
Referring to FIG. 1, a pair of two films is used as the laminated 
films, and the films are layered to cover the content. The 

25 content is encapsulated by heat sealing the layered 
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peripheral portions . 

In the invention, the laminated film is not limited to 
a sheet-shaped film as the one used in FIG, 1, and a film member 
preliminarily molded into a thecal shape or a bag shape can 
5 be used. When a thecal molded film member is used, the content 
is encapsulated by heat sealing two opposing sides. When a 
bag-shaped film member is used, the content is encapsulated 
by heat sealing an opening one side. 

10 (H) Principle of Organic Electrolyte Capacitor of the Invention 
In the electric double layer capacitor of the related 
art, an almost equal quantity of the same active material 
(chiefly, activated carbon) is used as both the positive 
electrode and the negative electrode. The active material 

15 used for the positive electrode and the negative electrode has 
potential of about 3 V in reference to Li/Li+ potential when 
the cell is fabricated. When the cell is charged, the positive 
electrode potential rises as anions form an electric double 
layer on the surface of the positive electrode, whereas 

20 potential drops as cations form an electric double layer on 
the surface of the negative electrode. 

Conversely, when the cell is discharged, anions and 
cations are released into the electrolyte solution from the 
positive electrode and the negative electrode, respectively, 

25 so that potentials of the respective electrodes drop and rise 
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and restore to the vicinity of 3 V. In other words, the shape 
of the charging and discharging curves of the positive 
electrode and the negative electrode is almost line symmetric 
with respect to 3 V, and a quantity of change in potential of 
5 the positive electrode and a quantity of change in potential 
of the negative electrode are almost equal. In addition, 
anions alone go in and come out from the positive electrode 
and cations alone go in and come out from the negative 
electrode . 

10 Meanwhile, in the organic electrolyte capacitor of the 

invention, it is preferable to use an active material capable 
of reversibly supporting lithium ions and/or anions as the 
positive electrode. Such an active material includes 
activated carbon used as the positive electrode and the 

15 negative electrode in the electric double layer capacitor of 
the related art. Also, an active material capable of 
reversibly supporting lithium ions is used as the negative 
electrode. Such an active material includes carbon materials, 
such as graphite, normally used in a lithium ion rechargeable 

20 battery. 

The organic electrolyte capacitor of the invention is 
designed in such a manner that, let a (mAh) be a cell capacity 
when the organic electrolyte capacitor in the charged state 
is discharged to half the charging voltage over 1±0.25 hours, 
25 and b (mAh) be the negative electrode capacity when the negative 
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electrode in the charged state is discharged to 1.5V (Li/Li+) , 
then a ratio of the positive electrode active material and the 
negative electrode active material is controlled to satisfy 
0.05 < a/b < 0.3. 
5 In the invention, the capacitance and the capacity are 

defined as follows. That is, the capacitance of the cell 
indicates an inclination of the discharging curve of the cell 
and is expressed in the unit of F (farad) . The capacitance 
per unit weight of the cell is a value obtained by dividing 

10 the capacitance of the cell by a total of a weight of the positive 
electrode active material and a weight of the negative 
electrode active material filled inside the cell, and is 
expressed in the unit of F/g. The capacitance of the positive 
electrode indicates an inclination of the discharging curve 

15 of the positive electrode and is expressed in the unit of F. 
The capacitance per unit weight of the positive electrode is 
a value obtained by dividing the capacitance of the positive 
electrode by a weight of the positive electrode active material 
filled inside the cell, and is expressed in the unit of F/g. 

20 The capacitance of the negative electrode indicates an 
inclination of the discharging curve of the negative electrode 
and is expressed in the unit of F. The capacitance per unit 
weight of the negative electrode is a value obtained by dividing 
the capacitance of the negative electrode by a weight of the 

25 negative electrode active material filled inside the cell, and 
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is expressed in the unit of F/g. 

Further, the cell capacity is a product of a difference 
between the discharge starting voltage and the discharge ending 
voltage of the cell, that is, a quantity of change in voltage, 
5 and the capacitance of the cell, and is expressed in the unit 
of C (coulomb) . Because 1 C is a quantity of electric charge 
when a current of 1 A flows for 1 sec, in this patent, it is 
converted to the unit of mAh. A positive electrode capacity 
is a product of a difference between the positive electrode 

10 potential when the discharge starts and the positive electrode 
potential when the discharge ends (a quantity of change in 
positive electrode potential) and the capacitance of the 
positive electrode, and is expressed in the unit of C or mAh. 
Likewise, the negative electrode capacity is a product of a 

15 difference between the negative electrode potential when the 
discharge starts and the negative electrode potential when the 
discharge ends (a quantity of change in negative electrode 
potential) and the capacitance of the negative electrode, and 
is expressed in the unit of C or mAh. These cell capacity, 

20 positive electrode capacity, and negative electrode capacity 
coincide with each other. 

Also, the discharging capacity of the cell varies with 
a flowing current density. Normally, the capacity decreases 
when the cell is discharged at a large current density, and 

25 a capacity increases when the cell is discharged at a small 



current density. Hence, in the this application, a capacity 
when the cell is discharged at a current at which the cell in 
the charged state is discharged to half the charging voltage 
over 1+0.25 hours is defined as the cell capacity a (itiAh) . 
5 The charging voltage referred to herein is a voltage set 

to obtain the discharge capacity. 

Normally, a commercially available lithium ion 
rechargeable battery is designed so that it is charged up to 
4.2 V and discharged to about 3 V. At this point in time, the 

10 negative electrode has been discharged to 0 . 5 to 1 . 0 V. Because 
it is normal that the negative electrode used in the lithium 
ion rechargeable battery does not have a capacity at 1.5 V or 
larger, in this application, a capacity when the negative 
electrode taken out from the cell in the charged state is 

15 discharged to 1.5 V (Li/Li+) is defined as the full negative 
electrode capacity b (mAh) . 

The organic electrolyte capacitor of the invention is 
designed in such a manner that, given the cell capacity a (mAh) 
and the full negative electrode capacity b (mAh) as defined 

20 above, then a ratio of the positive electrode active material 
and the negative electrode active material is controlled to 

satisfy 0.05 < a/b < 0.3. A high output characteristic can 
be thus obtained. 

The ratio of the positive electrode active material and 
25 the negative electrode active material referred to herein is 
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a value obtained by dividing a weight of the positive electrode 
active material by a weight of the negative electrode active 
material . 

In the lithi\am ion rechargeable battery, although it 
depends on the electrode active materials used, it is normal 
that a == b (that is, a/b = 1) is almost satisfied. In other 
words, in the lithium ion rechargeable battery, a/b = 0 . 05 means 
that the depth of discharge is 5%, and a/b = 0.3 means that 
the depth of discharge is 30%. It is thought that a high output 
can be obtained also in the lithium ion rechargeable battery 
when the battery is discharged within this range. 

On the other hand, in this application, a capacity when 
the cell is discharged at a current at which the cell in the 
charged state is discharged to half the charging voltage over 
1±0.25 hours is defined as the cell capacity a (mAh) . Hence, 
by controlling a ratio of the positive electrode active 
material and the negative electrode active material under these 
charged and discharged conditions, it is possible to satisfy 
0.05 < a/b < 0.3. An organic electrolyte capacitor having a 
high output characteristic can be thus achieved. 

In the case of a/b < 0.05, although the output 
characteristic is high, the energy density is deteriorated. 
Also, in the case of a/b > 0.3, although a high energy density 
is obtained, the output characteristic is deteriorated. 

It is preferable to have lithium ions supported 
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preliminarily on the negative electrode and/or the positive 
electrode, because a ratio of the positive electrode active 
material and the negative electrode active material to satisfy 
0.05 < a/b < 0.3 can be designed more flexibly. 
5 Further, it is preferable that the capacitance per unit 

weight of the negative electrode active material is three times 
or more the capacitance per unit weight of the positive 
electrode active material, and the weight of the positive 
electrode active material is larger than the weight of the 

10 negative electrode active material, because a high energy 
density can be obtained. 

In one example of the organic electrolyte capacitor of 
the invention, at the point in time at which a specific quantity 
of lithium ions are supported preliminarily on the negative 

15 electrode to obtain a capacity needed for the negative 
electrode capacity, the positive electrode potential is about 
3 V whereas the negative electrode potential is lower than 3 
V. 

How high the charging voltage of the capacitor can be 
20 increased is determined almost by the positive electrode 
potential. In other words, when the positive electrode 
potential becomes higher, the electrolyte solution undergoes 
oxidative destruction, and the demarcation potential is set 
at this potential. In comparison with a capacitor having a 
25 normal cell configuration, in the capacitor of the invention 
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of the configuration in which lithium ions are preliminarily 
supported on the electrode, a large difference can be secured 
between the positive electrode potential and the negative 
electrode potential due to low negative electrode potential. 
5 Hence, in contrast to the electric double layer capacitor of 
the related art having a withstand voltage of about 2.3 to 2.7 
V, it can be set to about 3.6 to 4.1 V, that is, as high as 
or higher than 3 V, in the configuration of the invention. An 
energy density can be therefore enhanced. 

10 Also, a capacity of the positive electrode can be 

increased due to low negative electrode potential. In other 
words, it is possible to increase a quantity of change in 
potential caused by discharge in the positive electrode due 
to low negative electrode potential. More specifically, it 

15 is possible to lower the positive electrode potential at the 
end of the discharge to a value smaller than 3 V, for example, 
to 2 V. This is because the potential has dropped in the 
positive electrode as anions are chiefly released until it is 
discharged to 3 V, and lithium ions are doped in when the 

20 potential is 3 V or below. 

In the electric double layer capacitor of the related 
art, the positive electrode potential drops only to about 3 
V during discharge. This is because the negative electrode 
potential also reaches 3 V at the same time, and the cell voltage 

25 becomes OV. In other words, the configuration of the invention 
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in which the positive electrode potential can drop to 2 V is 
able to achieve a higher capacity than the configuration of 
the electric double layer capacity of the related art in which 
the positive electrode potential is allowed to drop only to 
5 3 V. 

(I) Manufacturing Method of Organic Electrolyte Capacitor 

Hereinafter, one example of a manufacturing method of 
the organic electrolyte capacitor of the invention will be 

10 described. Firstly, the through-pores in the electrode 
current collectors are filled in with the conductive materials . 
A technique for filling in the through-pores in the electrode 
current collectors with the conductive materials is not 
particularly limited, and a known technique including the 

15 coating technique, such as a die method, a dipping method, and 
a spraying method, and printing technique, such as gravure, 
screen, and transferring, can be used. 

Subsequently, the positive electrode and the negative 
electrode are formed on the electrode current collectors in 

20 which the through-pores are filled in with the conductive 
materials. The positive electrode is formed by slurry which 
mixed the positive electrode active material with the binder 
resin, and coating the positive electrode current collector 
with the slurry by drying. Likewise, the negative electrode 

25 is formed by slurry which mixed the negative electrode active 
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material with the binder resin, and coating the negative 
electrode current collector with the slurry followed by drying . 

The lithium electrode is formed by pressure bonding 
lithium metal onto the lithium electrode current collector made 
of a conductive porous body. The thickness of the lithium 
electrode current collector is about 10 to 200 pun, and although 
it varies with a quantity of the negative electrode active 
material used, the thickness of the lithium metal is normally 
50 to 300 Jim. 

After the electrodes are dried, they are cut in the width 
to match with the size of the outer container of the organic 
electrolyte capacitor. When a winding type electrode 
laminated unit is formed, they are cut in the shape of a ribbon. 
In this instance, they may be cut in the shape having an extended 
portion used as the terminal welding portion. 

Subsequently, a three-electrode laminated unit is 
fabricated using the electrode current collectors, on which 
the electrodes are formed, by interposing separators so that 
the positive electrode and the negative electrode will not come 
into direct contact. FIG. 11 and FIG. 12 are development 
elevations of the electrode laminated unit, and indicate the 
shape and the lamination direction of the terminal welding 
portions. FIG. 11 is an example where the terminal welding 
portion of the positive electrode and the terminal welding 
portion of the negative electrode protrude from opposite sides . 
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FIG. 12 shows an example where the terminal welding portion 
of the positive electrode and the terminal welding portion of 
the negative electrode protrude from the same side. It should 
be appreciated, however, that the directions of the terminals 
of the positive electrode and the negative electrode are not 
limited to the directions in these two cases. 

The positive electrode terminal is welded to the terminal 
welding portion of the positive electrode current collector 
in the fabricated three-electrode laminated unit, and the 
negative electrode terminal is welded to the terminal welding 
portions of the negative electrode current collector and the 
lithium electrode current collector by means of ultrasonic 
welding or the like. 

The three-electrode laminated unit welded to the 
external terminals is placed inside the outer container, and 
the outer container is closed by means of heat seal by leaving 
an inlet of the electrolyte open. In this instance, at least 
part of the external terminals is exposed to the outside of 
the exterior container so that they can be connected to the 
external circuit. The electrolyte is injected through the 
inlet of the electrolyte of the outer container, and after the 
interior of the outer container is filled with the electrolyte, 
the inlet of the electrolyte is closed by means of heat seal 
or the like. By sealing the exterior container completely , 
the organic electrolyte capacitor of the invention can be 
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obtained. 

When an electrolyte solution is injected, all the 
negative electrodes and the lithium electrode come into contact 
with each other electromechanically, and lithium ions 
5 dissolved into the electrolyte solution from the lithium 
electrode gradually move to the negative electrodes as the time 
elapses to be supported on the negative electrodes* For 
lithium ions to be supported on the negative electrodes, it 
is preferable to devise a technique for holding the negative 
10 electrodes by applying an external force so that the flatness 
of the negative electrodes will not be lost by preventing the 
negative electrodes from undergoing deformation due to 
distortion caused by lithium ions coming into the negative 
electrodes • 

15 In particular, the contact pressure from the outer 

container is weaker in the film battery than in a battery using 
a metal case, such as a cylindrical battery and a prismatic 
battery. Hence, it is preferable to apply a pressure from the 
outside to keep the flatness of the positive electrodes and 

20 the negative electrodes, because the cell itself has no 
distortion and the cell performance can be enhanced. 

Hereinafter, more concrete examples will be described 
in detail. 

25 (Examples) 
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(Example 1) 

(Manufacturing Method of Negative Electrode PAS Slurry) 

A mold plate of phenol resin having a thickness of 0.5 
mm is placed in a siliconit electric furnace, and the 
5 temperature is raised to 500°C at a rate of 50°C/hour under a 
nitrogen atmosphere, and further to GSO^'C at a rate of 10°C/hour 
followed by heat treatment to synthesize PAS. The PAS plate 
thus obtained is pulverized by a ball mill, and PAS powder 
having a mean particle size of 7 pm is obtained. H/C ratio 
10 of the PAS powder is 0.22. 

Subsequently, slurry is obtained by sufficiently mixing 
92 parts by weight of the PAS powder, 4 parts by weight of 
acetylene black powder, 4 parts by weight of SBR, 3.2 parts 
by weight of carboxymethyl cellulose, and 120 parts by weight 
15 of ion-exchanged water at this composition. 

(Measurement of Capacitance per Unit Weight of Negative 
Electrode) 

About 7 mg/cm^ of the slurry in solid content is coated 
20 on one side of a copper foil having a thickness of 18 |am followed 
by drying and pressing. A PAS electrode is thus obtained. The 
electrode is cut in the size of 1.5 x 2.0 cm^ to be used as 
evaluation negative electrodes. The negative electrode and 
metallic lithium having a size of 1.5 x 2.0 cm^ and a thickness 
25 of 250 urn as a counter electrode were overlaid with a 



55 



polyethylene nonwoven fabric having a thickness of 50 im as 
a separator interposed therebetween to assemble two mimic cell . 
Metallic lithium is used as a reference electrode. A solution 
made by dissolving LiPFs into propylene carbonate at a 
5 concentration of 1 mol/1 is used as the electrolyte solution. 
Subsequently, 400 mAh/g of lithium ions on the basis of 
the weight of the negative electrode active material are 
charged at a charging current of 1 mA in one cell, and then 
the cell is discharged to 1 . 5 V at 1 mA. The capacitance per 

10 unit weight of the negative electrode is found to be 652 F/g 
from a discharging time needed for a change of 0 . 2 V in potential 
from the potential of the negative electrode one minute later 
since the discharge started. 

In the same manner, 500 mAh/g of lithium ions on the basis 

15 of the weight of the negative electrode active material are 
charged at a charging current of 1 mA in the remaining one cell, 
and then the cell is discharged to 1 . 5 V at 1 mA. The 
capacitance per unit weight of the negative electrode is found 
to be 748 F/g from a discharging time needed for a change of 

20 0 . 2 V in potential from the potential of the negative electrode 
one minute later since the discharging started. 

(Manufacturing Method of Positive Electrode Activated Carbon 
Slurry) 

25 Coconut shells used as a raw material are placed in an 
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electric furnace and the temperature is raised to SSO^'C at a 
rate of 50°C/hou.r under an air flow of nitrogen. Subsequently, 
the coconut shells are activated for two hours using a mixed 
gas of nitrogen and water vapor mixed at a ratio of 1:1. 
5 Activated carbon having a specific surface area of 18 60 m^/g 
is thus manufactured. Activated carbon powder having a mean 
particle size of 5 jim is obtained by pulverizing the activated 
carbon using a ball mill pulverizer. 

Slurry is obtained by mixing 92 parts by weight of the 
10 activated carbon powder, 4 parts by weight of acetylene black 
powder, 4 parts by weight of SBR, 1 part by weight of 
carboxymethyl cellulose, and 150 parts by weight of 
ion-exchanged water in a satisfactory manner at this 
composition. 

15 

(Measurement of Capacitance per Unit Weight of Positive 
Electrode) 

About 7 mg/cm^ of the slurry in solid content is coated 
on one surface of an aluminum foil coated with a carbon-based 
20 conductive coating material and having a thickness of 20 jam 
followed by drying and pressing. The positive electrode is 
thus obtained. 

Three positive electrodes having a size of 1.5 x 2.0 cm^ 
are cut out. One is used as the positive electrode, and another 
25 is used as the negative electrode and the reference electrode. 
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The positive electrode and negative electrode were overlaid 
with a paper nonwoven fabric having a thickness of 50 |im as 
a separator interposed therebetween to assemble a mimic cell. 
A solution made by dissolving triethyl 

methylammonium-tetraf luoroborate (TEMA-BF4 ) in propylene 
carbonate at a concentration of 1 mol/1 is used as the positive 
electrode electrolyte solution. 

The cell is charged to 2.5 V at a charging current of 
10 mA followed by constant voltage charge. After the cell is 
charged for one hour as a total charging time, the cell is 
discharged to 0 V at 1 mA. Capacitance per unit weight of 
the cell is found to be 22 F/g from a discharging time from 
2.0 V to 1.5 V. An capacitance per unit weight of the positive 
electrode is found to be 8 8 F/g in the same manner from a 
potential difference between the reference electrode and the 
positive electrode . 

(Manufacturing Method of Negative Electrode 1) 

A non-aqueous carbon-based conductive coating material 

(EB-815, a product of Acheson (Japan) Limited) is sprayed and 
coated on the both surfaces of expanded metal made of copper 

(available from Nippon Metal Industry Co. Ltd.) having a 
thickness of 32 |iiu (porosity: 50%) followed by drying. A 
negative electrode current collector, on which conductive 
layers are formed, is thus obtained. A total thickness (a sum 
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of the thickness of the current collector and the thicknesses 
of the conductive layers) is 4 9 jam, and the through-pores are 
filled in with the conductive coating material almost 
completely. The slurry for the negative electrode is molded 
5 on the both surfaces of the negative electrode current 
collector by a roll coater followed by pressing. A negative 
electrode 1 having a thickness of 155 jxm as a total thickness 
of the negative electrode (a sum of the thicknesses of the 
negative electrode layers on the both surfaces, the thicknesses 
10 of the conductive layers on the both surfaces, and the thickness 
of the negative electrode current collector) is thus obtained. 

(Manufacturing Method of Positive Electrode 1) 

A non-aqueous carbon-based conductive coating material 
15 (EB-815, a product of Acheson (Japan) Limited) is sprayed and 
coated on the both surfaces of expand metal made of aluminum 
(available from Nippon Metal Industry Co. Ltd.) having a 
thickness of 35 (porosity: 50%) followed by drying. A 

positive electrode current collector, on which conductive 
20 layers are formed, is thus obtained. A total thickness (a sum 
of the thickness of the current collector and the thicknesses 
of the conductive layers) is 52 jxm, and the through-pores are 
filled in with the conductive coating material almost 
completely. The slurry for the positive electrode is molded 
25 on the both surfaces of the positive electrode current 
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collector by a roll coater followed by pressing. A positive 
electrode 1 having a thickness of 214 |jin as a total thickness 
of the positive electrode (a sum of the thicknesses of the 
positive electrode layers on the both surfaces, the thicknesses 
5 of the conductive layers on the both surfaces, and the thickness 
of the positive electrode current collector) is thus obtained. 

(Fabrication of Cell) 

The negative electrode 1 having the thickness of 155 |xm 
10 and the positive electrode 1 having the thickness of 214 |j,m 
are cut out in a shape as shown in FIG. 11 so that each had 
an electrode area of 5,0 x 8.0 cm^. They are laminated by 
disposing the positive electrode current collector and the 
negative electrode current collector in such a manner that 
15 their welding portions to the connection terminals 
(hereinafter, referred to as the connection terminal welding 
portions) are on the opposite sides as shown in FIG. 11 using 
cellulose/rayon mixed nonwoven fabric having a thickness of 
30 |jm as the separators to achieve a cell thickness of about 
20 4 mm. Then, eight positive electrodes and eight negative 
electrodes are laminated. 

The electrode laminated unit is obtained by disposing 
the separators at the uppermost portion and the lowermost 
portion and then taping the four sides of each separator. A 
25 lithium metal foil having a thickness of 140 jim and pressure 
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bonded to a stainless steel net having a thickness of 80 pan 
is used as 400 mAh/g of lithium metal on the basis of the weight 
of the negative electrode active material, and one sheet of 
foil is disposed on the outermost portion of the electrode 
5 laminated unit to oppose the negative electrodes. The 
negative electrodes (8 sheets) and the stainless steel net, 
to which lithium metal is pressure bonded, are welded and 
brought into contact with each other. The electrode 
lamination unit is thus obtained. The weight of the positive 

10 electrode active material is 0.97 times the weight of the 
negative electrode active material. 

The positive electrode terminal made of aluminum having 
a width of 10 mm, a length of 30 mm, and a thickness of 0.2 
mm, on which a sealant film had been heat sealed preliminarily 

15 at the seal portion, is superimposed on the terminal welding 
portions (8 sheets) of the positive electrode current 
collectors in the electrode lamination unit by means of 
ultrasonic welding. Likewise, the negative electrode 
terminal made of nickel having a width of 10 mm, a length of 

20 30 mm, and a thickness of 0.2 mm, on which a sealant film had 
been heat sealed preliminarily at the seal portion, is 
superimposed on the terminal welding portions (8 sheets) of 
the negative electrode current collectors by means of 
ultrasonic welding. The electrode laminated unit is thus 

25 provided inside the two outer films (a total space of 4 mm) 
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that are deep-drawn to have a height of 102 mm, a width of 52 
mm, and a depth of 2 mm. 

After the two sides and another one side of the terminal 
portions of the outer laminated films are heat sealed, a 
solution in which LiPFe is dissolved in a mixed solvent made 
by mixing ethylene carbonate, diethyl carbonate, and propylene 
carbonate at a weight ratio of 3:4:1 at a concentration of 1 
mol/1 is impregnated in vacuum as the electrolyte solution. 
Vacuum lock is performed by heat sealing the remaining one side 
under reduced pressure. Three cells are thus fabricated as 
film capacitors (the thickness of the cell is 4.0 mm). 

(Evaluation of Characteristic of Cell) 

After the cells are allowed to stand for 14 days in room 
temperature, one cell is disassembled. Because the lithium 
metal completely disappeared, it is judged that lithium ions 
to obtain capacitance of 650 F/g or more per unit weight of 
the negative electrode active material are preliminary charged 
Capacitance ratio per unit weight between the negative 
electrode active material and the positive electrode active 
material is 7.41. 

The remaining two cells are charged at a constant current 
of 1000 mA until the cell voltage reached 3.6V, and the cells 
are then subjected to constant current - constant voltage 
charge to keep applying a constant voltage of 3.6 V for one 
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hour. Subsequently, the cells are discharged at a constant 
current of 100 itiA until the cell voltage reached 1.8 V. The 
cycle of 3 . 6 V to 1 . 8 V is repeated, and the discharge capacity 
at the third cycle is 105 itiAh as the mean value of the two cells 
(the discharging time is 1 . 05 hours) . Also, the energy density 
is 14.0 Wh/1 when the vertical length of the cell is 100 mm 
and the horizontal length is 50 mm. 

After the cell capacities are evaluated, one cell is 
charged at a constant current of 1000 mA until the cell voltage 
reached 3.6V. Subsequently, the cell is subjected to constant 
current - constant voltage charge to keep applying a constant 
voltage of 3.6 V for one hour. The cell is then disassembled 
within an argon box not to cause a short circuit between the 
positive electrodes and the negative electrodes, and eight 
sheets of the negative electrodes are taken out. Subsequently, 
a three-electrode cell is fabricated by way of trial using each 
negative electrode as an operating electrode, and lithium metal 
as the counter electrode and the reference electrode. The cell 
is discharged at a constant current of 100 mA until the negative 
electrode potential reached 1.5 V. The full negative 
electrode capacity b is 497 mAh as a total of the discharge 
capacities of eight sheets of the negative electrodes. 

The remaining one cell is charged at a constant current 
of 1000 mA until the cell voltage reached 3.6 V. The cell is 
then subjected to constant current - constant voltage charge 
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to keep applying a constant voltage of 3.6 V for one hour, and 
discharged at a constant current of 10 A until the cell voltage 
reached 1.8V. The discharge capacity at this point in time 
is 57 itiAh. The results are set forth in Table 1 below. 

5 
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Example 1 


105 


497 


14.0 


57 


54 


0.21 



(Example 2) 

Three cells are fabricated as film capacitors in the same 
10 manner as Example 1 except that a negative electrode 2 coated 
so that a total thickness of the pressed negative electrode 
(a sum of the thicknesses of the negative electrode layers on 
the both surfaces, the thicknesses of the conductive layers 
on the both surfaces, and the thickness of the negative 
15 electrode current collector) is 188 |xm, and a positive 
electrode 2 coated so that a total thickness of the pressed 
positive electrode (a sum of the thicknesses of the positive 
electrode layers on the both surfaces, the thicknesses of the 
conductive layers on the both surfaces, and the thickness of 
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the positive electrode current collector) is 209 \m, are used. 

Number of the positive electrodes and the negative 
electrodes are 8 sheets respectively, and the thickness of the 
cells is 4.3 mm. A lithium metal foil having a thickness of 
5 180 |xm and pressure bonded to a stainless steel net having a 
thickness of 80 nia is used as 400 mAh/g of lithium metal on 
the basis of the weight of the negative electrode active 
material, and one sheet of that is disposed at the outermost 
portion of the electrode laminated unit to oppose the negative 
10 electrodes. The weight of the positive electrode active 
material is 0.72 times the weight of the negative electrode 
active material. 

(Evaluation of Characteristic of Cell) 

15 The cells are allowed to stand for 14 days in room 

temperature, and one cell is disassembled. Because the 
lithium metal completely disappeared, it is judged that 
lithium ions to obtain capacitance of 650 F/g or more per unit 
weight of the negative electrode active material are 

20 preliminary charged. Capacitance ratio per unit weight 
between the negative electrode active material and the positive 
electrode active material is 7.41. 

The remaining two cells are charged at a constant current 
of 1000 mA until the cell voltage reached 3.6 V. The cells 

25 are then subjected to constant current - constant voltage 
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charge to keep applying a constant voltage of 3.6 V for one 
hour. The cells are then discharged at a constant current of 
100 itiA until the cell voltage reached 1.8 V. The cycle of 3.6 
V to 1.8 V is repeated, and the discharge capacity at the third 
5 cycle is 104 mAh as the mean value of the two cells (the 
discharging time is 1.04 hours) . Also, the energy density is 
13.1 Wh/1 when the vertical length of the cell is 100 mm and 
the horizontal length is 50 mm. 

After the cell capacities are evaluated, one cell is 

10 charged at a constant current of 1000 mA until the cell voltage 
reached 3.6 V. Subsequently, the cell is then subjected to 
constant current - constant voltage charge to keep applying 
a constant voltage of 3.6 V for one hour. The cell is then 
disassembled within an argon box not to cause a short circuit 

15 between the positive electrodes and the negative electrodes, 
and eight sheets of the negative electrodes are taken out. 
Subsequently, a three-electrode cell is fabricated by way of 
trial using each negative electrode as an operating electrode, 
and lithium metal as the counter electrode and the reference 

20 electrode. The cell is discharged at a constant current of 
100 mA until the negative electrode potential reached 1.5V. 
The full negative electrode capacity b is 706 mAh as a total 
of the discharge capacities of eight sheets of the negative 
electrodes . 

25 The remaining one cell is charged at a constant current 
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of 1000 mA until the cell voltage reached 3.6 V. The cell is 
then subjected to constant current - constant voltage charge 
to keep applying a constant voltage of 3.6 V for one hour, and 
discharged at a constant current of 10 A until the cell voltage 
reached 1.8V. The discharge capacity at this point in time 
is 59 mAh. The results are set forth in Table 2 below. 
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(Example 3) 

Three cells are fabricated as film capacitors in the same 
manner as Example 1 except that a negative electrode 3 coated 
so that a total thickness of the pressed negative electrode 
(a sum of the thicknesses of the negative electrode layers on 
the both surfaces, the thicknesses of the conductive layers 
on the both surfaces, and the thickness of the negative 
electrode current collector) is 137 fim, and a positive 
electrode 3 coated so that a total thickness of the pressed 
positive electrode (a sum of the thicknesses of the positive 
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electrode layers on the both surfaces, the thicknesses of the 
conductive layers on the both surfaces, and the thickness of 
the positive electrode current collector) is 219 jim, are used. 
Number of the positive electrodes and the negative 
5 electrodes are 8 sheets respectively, and the thickness of the 
cells is 3.9 mm, A lithium metal foil having a thickness of 
110 Mm and pressure bonded to a stainless steel net having a 
thickness of 80 is used as 400 mAh/g of lithium metal on 
the basis of the weight of the negative electrode active 
10 material, and one sheet of that is disposed at the outermost 
portion of the electrode laminated unit to oppose the negative 
electrodes. The weight of the positive electrode active 
material is 1.21 times the weight of the negative electrode 
active material. 

15 

(Evaluation of Characteristic of Cell) 

The cells are allowed to stand for 14 days in room 
temperature, and one cell is disassembled. Because the 
lithium metal completely disappeared, it is judged that 

20 lithium ions to obtain capacitance of 650 F/g or more per unit 
weight of the negative electrode active material are 
preliminary charged. Capacitance ratio per unit weight 
between the negative electrode active material and the positive 
electrode active material is 7.41. 

25 The remaining two cells are charged at a constant current 



of 1000 itiA until the cell voltage reached 3.6 V. The cells 
are then subjected to constant current - constant voltage 
charge to keep applying a constant voltage of 3.6 V for one 
hour. The cells are then discharged at a constant current of 
100 mA until the cell voltage reached 1.8 V. 

The cycle of 3 . 6 V to 1 . 8 V is repeated, and the discharge 
capacity at the third cycle is 105 mAh as the mean value of 
the two cells (the discharging time is 1,05 hours) . Also, the 
energy density is 15.7 Wh/1 when the vertical length of the 
cell is 100 mm and the horizontal length is 50 mm. 

After the cell capacities are evaluated, one cell is 
charged at a constant current of 1000 mA until the cell voltage 
reached 3.6V. Subsequently, the cell is subjected to constant 
current - constant voltage charge to keep applying a constant 
voltage of 3.6 V for one hour. The cell is then disassembled 
within an argon box not to cause a short circuit between the 
positive electrodes and the negative electrodes, and eight 
sheets of the negative electrodes are taken out. Subsequently, 
a three-electrode cell is fabricated by way of trial using each 
negative electrode as an operating electrode, and lithiummetal 
as the counter electrode and the reference electrode. The cell 
is discharged at a constant current of 100 mA until the negative 
electrode potential reached 1.5 V. The full negative 
electrode capacity b is 401 mAh as a total of the discharge 
capacities of the eight sheets of the negative electrodes. 
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The remaining one cell is charged at a constant current 
of 1000 mA until the cell voltage reached 3.6 V. The cell is 
then subjected to constant current - constant voltage charge 
to keep applying a constant voltage of 3.6 V for one hour, and 
5 discharged at a constant current of 10 A until the cell voltage 
reached 1.8V. The discharge capacity at this point in time 
is 55 mAh. The results are set forth in Table 3 below. 
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0.26 



10 

(Comparative Example 1) 

Three cells are fabricated as film capacitors in the same 
manner as Example 1 except that a negative electrode 4 coated 
so that a total thickness of the pressed negative electrode 
15 (a sum of the thicknesses of the negative electrode layers on 
the both surfaces, the thicknesses of the conductive layers 
on the both surfaces, and the thickness of the negative 
electrode current collector) is 116 pm, and a positive 
electrode 4 coated so that a total thickness of the pressed 
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positive electrode (a sum of the thicknesses of the positive 
electrode layers on the both surfaces, the thicknesses of the 
conductive layers on the both surfaces, and the thickness of 
the positive electrode current collector) is 227 |jia, are used. 
5 Number of the positive electrodes and the negative electrodes 
are 8 sheets respectively, and the thickness of the cells is 
3.8 mm . 

A lithium metal foil having a thickness of 90 pin and 
pressure bonded to a stainless steel net having a thickness 

10 of 80 Jim is used as 400 mAh/g of lithium metal on the basis 
of the weight of the negative electrode active material, and 
one sheet of that is disposed at the outermost portion of the 
electrode laminated unit to oppose the negative electrodes • 
The weight of the positive electrode active material is 1.66 

15 times the weight of the negative electrode active material. 

(Evaluation of Characteristic of Cell) 

The cells are allowed to stand for 14 days in room 
temperature, and one cell is disassembled. Because the 

20 lithium metal completely disappeared, it is judged that lithium 
ions to obtain capacitance of 650 F/g or more per unit weight 
of the negative electrode active material are preliminary 
charged. Capacitance ratio per unit weight between the 
negative electrode active material and the positive electrode 

25 active material is 7.41. 
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The remaining two cells are charged at a constant current 
of 1000 itiA until the cell voltage reached 3.6 V. The cells 
are then subjected to constant current - constant voltage 
charge to keep applying a constant voltage of 3.6 V for one 
5 hour. The cells are then discharged at a constant current of 
100 mA until the cell voltage reached 1.8 V. The cycle of 3.6 
V to 1.8 V is repeated, and the discharge capacity at the third 
cycle is 106 mAh as the mean value of the two cells (the 
discharging time is 1.06 hours). 

10 After the cell capacities are evaluated, one cell is 

charged at a constant current of 1000 mA until the cell voltage 
reached 3.6V. Subsequently, the cell is subj ected to constant 
current - constant voltage charge to keep applying a constant 
voltage of 3.6 V for one hour. The cell is then disassembled 

15 within an argon box not to cause a short circuit between the 
positive electrodes and the negative electrodes, and eight 
sheets of the negative electrodes are taken out. 

Subsequently, a three-electrode cell is fabricated by 
way of trial using each negative electrode as an operating 

20 electrode, and lithium metal as the counter electrode and the 
reference electrode. The cell is discharged at a constant 
current of 100 mA until the negative electrode potential 
reached 1.5V. The full negative electrode capacity b is 298 
mAh as a total of the discharge capacities of the eight sheets 

25 of the negative electrodes . 
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The remaining one cell is charged at a constant current 
of 1000 mA until the cell voltage reached 3.6 V. The cell is 
then subjected to constant current - constant voltage charge 
to keep applying a constant voltage of 3.6 V for one hour, and 
5 discharged at a constant current of 10 A until the cell voltage 
reached 1.8V. The discharge capacity at this point in time 
is 49 mAh. The results are set forth in Table 4 below. 



Table 4 





Cell 


Full 


Energy 


Discharge 


Capacity 


a/b 




capacity 


negative 


density 


capacity 


retention 






a 


electrode 


(Wh/1) 


at 10 A 


(%) 






at 100 mA 


capacity b 




(mAh) 








discharge 


(mAh) 












(mAh) 












Comparative 














Example 1 


106 


298 


16. 4 


49 


46 


0.36 



(Comparative Example 2) 

Three cells are fabricated as film capacitors in the same 
manner as Example 1 except that a negative electrode 5 coated 
so that a total thickness of the pressed negative electrode 
15 (a sum of the thicknesses of the negative electrode layers on 
the both surfaces, the thicknesses of the conductive layers 
on the both surfaces, and the thickness of the negative 
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electrode current collector) is 101 pm, and a positive 
electrode 5 coated so that a total thickness of the pressed 
positive electrode (a sum of the thicknesses of the positive 
electrode layers on the both surfaces, the thicknesses of the 
5 conductive layers on the both surfaces, and the thickness of 
the positive electrode current collector) is 241 |xm, are used. 
Number of the positive electrodes and the negative electrodes 
are 8 sheets respectively, and the thickness of the cells is 
3 . 7 mm . 

10 A lithium metal foil having a thickness of 70 |im and 

pressure bonded to a stainless steel net having a thickness 
of 80 urn is used as 400 mAh/g of lithium metal on the basis 
of the weight of the negative electrode active material, and 
one sheet of that is disposed at the outermost portion of the 

15 electrode lamination unit to oppose the negative electrodes. 
The weight of the positive electrode active material is 2.33 
times the weight of the negative electrode active material. 

(Evaluation of Characteristic of Cell) 

20 The cells are allowed to stand for 14 days in room 

temperature, and one cell is disassembled. Because the 
lithium metal completely disappeared, it is judged that 
lithium ions to obtain capacitance of 650 F/g or more per unit 
weight of the negative electrode active material are 

25 preliminary charged. Capacitance ratio per unit weight 
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between the negative electrode active material and the positive 
electrode active material is 7.41. 

The remaining two cells are charged at a constant current 
of 1000 mA until the cell voltage reached 3.6 V. Subsequently, 
5 the cells are subjected to constant current - constant voltage 
charge to keep applying a constant voltage of 3.6 V for one 
hour. The cells are then discharged at a constant current of 
100 mA until the cell voltage reached 1.8 V. 

The cycle of 3 . 6 V to 1 . 8 V is repeated, and the discharge 

10 capacity at the third cycle is 105 mAh as the mean value of 
the two cells (the discharging time is 1.05 hours) . Also, the 
energy density is 16.5 Wh/1 when the vertical length of the 
cell is 100 mm and the horizontal length is 50 mm. 

After the cell capacities are evaluated, one cell is 

15 charged at a constant current of 1000 mA until the cell voltage 
reached 3.6V. Subsequently, the cell is subjected to constant 
current - constant voltage charge to keep applying a constant 
voltage of 3.6 V for one hour. The cell is then disassembled 
within an argon box not to cause a short circuit between the 

20 positive electrodes and the negative electrodes, and eight 
sheets of the negative electrodes are taken out. 

Subsequently, a three-electrode cell is fabricated by 
way of trial using each negative electrode as an operating 
electrode, and lithium metal as the counter electrode and the 

25 reference electrode. The cell is discharged at a constant 
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current of 100 mA until the negative electrode potential 
reached 1.5V. The full negative electrode capacity b is 222 
mAh as a total of the discharge capacities of the eight sheets 
of the negative electrodes. 
5 The remaining one cell is charged at a constant current 

of 1000 mA until the cell voltage reached 3.6 V. The cell is 
then subjected to constant current - constant voltage charge 
to keep applying a constant voltage of 3.6 V for one hour, and 
discharged at a constant current of 10 A until the cell voltage 
10 reached 1.8 V. The discharge capacity at this point in time 
is 41 mAh. The results are set forth in Table 5 below. 



Table 5 





Cell 


Full 


Energy 


Discharge 


Capacity 


a/b 




capacity 


negative 


density 


capacity 


retention 






a 


electrode 


(Wh/1) 


at 10 A 


(%) 






at 100 mA 


capacity b 




(mAh) 








discharge 


(mAh) 












(mAh) 












Comparative 














Example 2 


105 


222 


15.3 


41 


39 


0. 47 



15 (Example 4) 

Three cells are fabricated as film capacitors in the same 
manner as Example 1 except that a negative electrode 6 coated 
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so that a total thickness of the pressed negative electrode 
(a sum of the thicknesses of the negative electrode layers on 
the both surfaces, the thicknesses of the conductive layers 
on the both surfaces, and the thickness of the negative 
5 electrode current collector) is 233 ^m, and a positive 
electrode 6 coated so that a total thickness of the pressed 
positive electrode (a sum of the thicknesses of the positive 
electrode layers on the both surfaces, the thicknesses of the 
conductive layers on the both surfaces, and the thickness of 
10 the positive electrode current collector) is 205 jm, are used. 
Number of the positive electrodes and the negative electrodes 
are 8 sheets respectively, and the thickness of the cells is 
4 . 7 mm. 

A lithium metal foil having a thickness of 150 |im and 
15 pressure bonded to a stainless steel net having a thickness 
of 80 [xia is used as 500 mAh/g of lithium metal on the basis 
of the weight of the negative electrode active material, and 
two sheets of that are disposed at the top and bottom of the 
electrode laminated unit to oppose the negative electrodes. 
20 The weight of the positive electrode active material is 0.53 
times the weight of the negative electrode active material. 

(Evaluation of Characteristic of Cell) 

The cells are allowed to stand for 14 days in room 
25 temperature, and one cell is disassembled. Because the 
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lithiijm metal completely disappeared, it is judged that 
lithium ions to obtain capacitance of 748 F/g or more per unit 
weight of the negative electrode active material are 
preliminary charged. Capacitance ratio per unit weight 
5 between the negative electrode active material and the positive 
electrode active material is 8.50. 

The remaining two cells are charged at a constant current 
of 1000 mA until the cell voltage reached 3.6V. Subsequently, 
the cells are subjected to constant current - constant voltage 

10 charge to keep applying a constant voltage of 3.6 V for one 
hour. The cells are then discharged at a constant current of 
100 mA until the cell voltage reached 1.8V. 

The cycle of 3 . 6 V to 1 . 8 V is repeated, and the discharge 
capacity at the third cycle is 102 mAh as the mean value of 

15 the two cells (the discharging time is 1.02 hours) . Also, the 
energy density is 12.4 Wh/1 when the vertical length of the 
cell is 100 mm and the horizontal length is 50 mm. 

After the cell capacities are evaluated, one cell is 
charged at a constant current of 1000 mA until the cell voltage 

20 reached 3.6 V. Subsequently, the cell is subj ected to constant 
current ~ constant voltage charge to keep applying a constant 
voltage of 3.6 V for one hour. The cell is then disassembled 
within an argon box not to cause a short circuit between the 
positive electrodes and the negative electrodes, and eight 

25 sheets of the negative electrodes are taken out. 
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Subsequently, a three-electrode cell is fabricated by 
way of trial using each negative electrode as an operating 
electrode, and lithium metal as the counter electrode and the 
reference electrode. The cell is discharged at a constant 
5 current of 100 mA until the negative electrode potential 
reached 1,5V. The full negative electrode capacity b is 1098 
mAh as a total of the discharge capacities of eight sheets 
of the negative electrodes. 

The remaining one cell is charged at a constant current 

10 of 1000 mA until the cell voltage reached 3.6 V. The cell is 
then subjected to constant current - constant voltage charge 
to keep applying a constant voltage of 3.6 V for one hour, and 
discharged at a constant current of 10 A until the cell voltage 
reached 1.8 V. The discharge capacity at this point in time 

15 is 61 mAh. The results are set forth in Table 6 below. 



Table 6 





Cell 


Full 


Energy 


Discharge 


Capacity 


a/b 




capacity a 


negative 


density 


capacity 


retention 






at 100 mA 


electrode 


(Wh/1) 


at 10 A 


(%) 






discharge 


capacity b 




(mAh) 








(mAh) 


(mAh) 










Example 4 


102 


1098 


12.4 


61 


60 


0,09 



(Example 5) 
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(Manufacturing Method of Negative Electrode Hard Carbon 
Slurry) 

Powdery phenol resin (trade name: Bellpearl R800, a 
product of Kanebo, Ltd) having a mean particle size of 20 |j.m 
5 is placed in an electric furnace and the temperature is raised 
to 600°C at a temperature rising rate of 50°C/hour in a nitrogen 
gas atmosphere, and kept for five hours at this temperature. 
Further, the temperature is raised to IZOC^C at a temperature 
rising rate of SO^'C/hour and kept for 10 hours at this 
10 temperature followed by cooling. A hard carbon sample is thus 
manufactured. 

The sample thus obtained is pulverized in a ball mill 
to adjust a particle size. Hard carbon powder having a mean 
particle size of 15 (jjh is thus obtained. A specific surface 
15 area value of the powder measured by the BET method is 8 m^/g. 

Slurry is obtained by mixing 92 parts by weight of the 
hard carbon powder, 4 parts by weight of acetylene black powder, 
4 parts by weight of SBR, 1.2 parts by weight of carboxymethyl 
cellulose, and 120 parts by weight of ion-exchanged water in 
20 a satisfactory manner at this composition. 

(Measurement of Capacitance per Unit Weight of Negative 
Electrode) 

About 7 mg/cm^ of the negative electrode hard carbon 
25 slurry in solid content is coated on one surface of a copper 
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foil having a thickness of 18 pm followed by drying and pressing. 
A hard carbon electrode is thus obtained. Four negative 
electrodes are cut out in the size of 1.5 x 2.0 cm^ to be used 
as evaluation negative electrodes. 
5 The negative electrode and metallic lithium having a size 

of 1 . 5 X 2 . 0 cm^ and a thickness of 200 |jm as a counter electrode 
were overlaid with a polyethylene nonwoven fabric having a 
thickness of 50 pin as a separator interposed therebetween to 
assemble two mimic cell. Metallic lithium is used as a 

10 reference electrode . A solution made by dissolving LiPFe into 
propylene carbonate at a concentration of 1 mol/1 is used as 
the electrolyte solution. 

Subsequently, 400 mAh/g of lithium ions on the basis of 
the weight of the negative electrode active material are 

15 charged at a charging current of 1 mA, and then the cell is 
discharged to 1 . 5 V at 1 mA. The capacitance per unit weight 
of the negative electrode is found to be 8426 F/g from a 
discharging time needed for a change of 0.2 V in potential from 
the potential of the negative electrode one minute later since 

20 the discharge started. 

(Manufacturing Method of Negative Electrode 7) 

A non-aqueous carbon-based conductive coating material 
(EB-815, a product of Acheson (Japan) Limited) is sprayed and 
25 coated on the both surfaces of expanded metal made of copper 
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(available from Nippon Metal Industry Co. Ltd.) having a 
thickness of 32 )iin (porosity: 50%) followed by drying. A 
negative electrode current collector, on which a conductive 
layer is formed^ is thus obtained. 

A total thickness (a sum of the thickness of the current 
collector and the thicknesses of the conductive layers) is 49 
lim, and the through-pores are clogged with the conductive 
coating material almost completely. The hard carbon slurry 
is molded on the both surfaces of the negative electrode current 
collector by a roll coater followed by pressing. A negative 
electrode 7 having a thickness of 168 pun as a total thickness 
of the negative electrode (a sum of the thicknesses of the 
negative electrode layers on the both surfaces, the thicknesses 
of the conductive layers on the both surfaces, and the thickness 
of the negative electrode current collector) is thus obtained. 

(Fabrication of Cell) 

Three cells are fabricated as film capacitors in the same 
manner as Example 1 except that the negative electrode 7 having 
a thickness of 168 jam, and a positive electrode 7 coated so 
that a total thickness of the pressed positive electrode (a 
sum of the thicknesses of the positive electrode layers on the 
both surfaces, the thicknesses of the conductive layers on the 
both surfaces, and the thickness of the positive electrode 
current collector) is 197 \xm as is in Example 1, are used. 
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Number of the positive electrodes and the negative electrodes 
are 8 sheets respectively, and the thickness of the cells is 
4 . 0 mm. 

A lithium metal foil having a thickness of 150 pun and 
pressure bonded to a stainless steel net having a thickness 
of 80 |im is used as 400 mAh/g of lithium metal on the basis 
of the weight of the negative electrode active material, and 
one sheet of that is disposed at the outermost portion of the 
electrode lamination unit to oppose the negative electrodes. 
The weight of the positive electrode active material is 0.78 
times the weight of the negative electrode active material. 

(Evaluation of Characteristic of Cell) 

After the cells are allowed to stand for 14 days in room 
temperature, one cell is disassembled. Because the lithium 
metal completely disappeared, it is judged that lithium ions 
to obtain capacitance of 8420 F/g or more per unit weight of 
the negative electrode active material are preliminary charged. 
Capacitance ratio per unit weight between the negative 
electrode active material and the positive electrode active 
material is 95.8. 

The remaining two cells are charged at a constant current 
of 1000 mA until the cell voltage reached 3.6V, and the cells 
are subjected to constant current - constant voltage charge 
to keep applying a constant voltage of 3.6 V for one hour. 
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Subsequently, the cells are discharged at a constant current 
of 100 mA until the cell voltage reached 1.8 V. 

The cycle of 3 . 6 V to 1 . 8 V is repeated, and the discharge 
capacity at the third cycle is 107 mAh as the mean value of 
5 the two cells (the discharging time is 1.07 hours) . Also, the 
energy density is 14.4 Wh/1 when the vertical length of the 
cell is 100 mm and the horizontal length is 50 mm. 

After the cell capacities are evaluated, one cell is 
charged at a constant current of 1000 mA until the cell voltage 

10 reached 3.6 V. Subsequently, the cell is subjected to constant 
current - constant voltage charge to keep applying a constant 
voltage of 3,6 V for one hour. The cell is then disassembled 
within an argon box not to cause a short circuit between the 
positive electrodes and the negative electrodes, and eight 

15 sheets of the negative electrodes are taken out. 

Subsequently, a three-electrode cell is fabricated by 
way of trial using each negative electrode as an operating 
electrode, and lithium metal as the counter electrode and the 
reference electrode. The cell is discharged at a constant 

20 current of 100 mA until the negative electrode potential 
reached 1.5V. The full negative electrode capacity b is 927 
mAh as a total of the discharge capacities of the eight sheets 
of the negative electrodes. 

The remaining one cell is charged at a constant current 

25 of 1000 mA until the cell voltage reached 3.6 V. The cell is 
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then subjected to constant current - constant voltage charge 
to keep applying a constant voltage of 3.6 V for one hour, and 
discharged at a constant current of 10 A until the cell voltage 
reached 1.8V. The discharge capacity at this point in time 
is 68 mAh. The results are set forth in Table 7 below. 



Table 7 





Cell 


Full 


Energy 


Discharge 


Capacity 


a/b 




capacity a 


negative 


density 


capacity 
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at 100 mA 
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(Wh/1) 


at 10 A 


(%) 






discharge 


capacity b 




(mAh) 








(mAh) 


(mAh) 










Example 5 


107 


927 


14.4 


68 


64 


0. 12 



(Comparative Example 3) 

Three cells are fabricated as film capacitors in the same 
manner as Example 1 except that a negative electrode 8 coated 
so that a total thickness of the pressed negative electrode 

(a sum of the thicknesses of the negative electrode layers on 
the both surfaces, the thicknesses of the conductive layers 
on the both surfaces, and the thickness of the negative 
electrode current collector) is 453 )im, and a positive 
electrode 8 coated so that a total thickness of the pressed 
positive electrode (a sum of the thicknesses of the positive 
electrode layers on the both surfaces, the thicknesses of the 
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conductive layers on the both surfaces, and the thickness of 
the positive electrode current collector) is 200 piu, are used. 

Number of the positive electrodes and the negative 
electrodes are 8 sheets respectively, and the thickness of the 
cells is 6.7 mm. A lithium metal foil having a thickness of 
255 |Lun and pressure bonded to a stainless steel net having a 
thickness of 80 is used as 500 mAh/g of lithium metal on 
the basis of the weight of the negative electrode active 
material, and two sheets of that are disposed at the top and 
bottom of the electrode lamination unit to oppose the negative 
electrodes. The weight of the positive electrode active 
material is 0.23 times the weight of the negative electrode 
active material. 

(Evaluation of Characteristic of Cell) 

The cells are allowed to stand for 14 days in room 
temperature, and one cell is disassembled. Because the 
lithium metal disappeared completely , it is judged that 
lithium ions to obtain capacitance of 748 F/g or more per unit 
weight of the negative electrode active material are 
preliminary charged. Capacitance ratio per unit weight 
between the negative electrode active material and the positive 
electrode active material is 8.50. 

The remaining two cells are charged at a constant current 
of 1000 mA until the cell voltage reached 3.6 V. The cells 
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are then subjected to constant current - constant voltage 
charge to keep applying a constant voltage of 3.6 V for one 
hour, subsequently, the cells are discharged at a constant 
current of 100 mA until the cell voltage reached 1.8 V. The 
cycle of 3.6 V to 1.8 V is repeated, and the discharge capacity 
at the third cycle is 103 mAh as the mean value of the two cells 
(the discharging time is 1 . 03 hours) . Also, the energy density 
is 8.30 Wh/1 when the vertical length of the cell is 100 rtou 
and the horizontal length is 50 mm. 

After the cell capacities are evaluated, one cell is 
charged at a constant current of 1000 mA until the cell voltage 
reached 3.6 V. Subsequently, the cell is subjected to constant 
current - constant voltage charge to keep applying a constant 
voltage of 3.6 V for one hour. The cell is then disassembled 
within an argon box not to cause a short circuit between the 
positive electrodes and the negative electrodes, and eight 
sheets of the negative electrodes are taken out . Subsequently, 
a three-electrode cell is fabricated by way of trial using each 
negative electrode as an operating electrode, and lithiummetal 
as the counter electrode and the reference electrode . The cell 
is discharged at a constant current of 100 mA until the negative 
electrode potential reached 1.5 V. The full negative 
electrode capacity b is 2625 mAh as a total of the discharge 
capacities of eight sheets of the negative electrodes. 
5 The remaining one cell is charged at a constant current 
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of 1000 itiA until the cell voltage reached 3.6 V. The cell is 
then subjected to constant current - constant voltage charge 
to keep applying a constant voltage of 3.6 V for one hour, and 
discharged at a constant current of 10 A until the cell voltage 
reached 1.8V. The discharge capacity at this point in time 
is 56 itiAh. The results are set forth in Table 8 below. 



Table 8 
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Comparative 














Example 3 


103 


2625 


8.3 


56 


54 


0. 04 



When 0.05 > a/b as in Comparative Example 3, although 
the capacity retention is high after the discharge at 10 A, 
the negative electrode became so thick that the energy density 
is deteriorated markedly. 
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